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HIGH VOLTAGE SUPPLIES AND INSTRUMENTATION 
2,000 to 50,000v.0.c. £100 to 25,000... 50¢: 


Fixed or variable output. Reversib/e Polarity. 
Stabilised voltage, current and ionisation monitoring. 
The standard range includes :— 


Power supplies :— 500 - 12,000 V cont. 
variable, | mA. 
10 = 30 KV cont. 
variable, 2 mA. 
15 KV oil immersed unit 
for marine radar, etc. 
Instrumentation :— 300 =- 30,000 V 
lonisation test set. 
30 KV & S50 KV breakdown 
and life test sets. 
25 KV A.C. breakdown and 
life test sets. 
The illustration shows our standard 50 KV, | mA, stabilised, 


reversible polarity equipment, complete for operation from 
A.C. mains in a 4 ft. Post office type rack. 








: 





Full lists and prices sent on request. 
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INTER-SERVICE TYPE APPROVAL 


¢ a need of the Electronic Industry for smaller, 
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lighter, more efficient transformers, prompted Parmeko 
Limited to produce their Neptune Series (Type 6,000) Transformers. 
Having passed the exhaustive tests specified under R.C.S. 214, Grade 1, the 
Parmeko Neptune Series has won the signal honour of being the first 
range of Electrical Transformers to qualify for Inter-Service 


Type Approval (Under Certificate Number 632/1). 


PARMEKO o/ LEICESTER 


Makers of Transformers for the Electronic and Electrical Industries 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under 1!” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘Situations Wanted,’’ when it is added 


free of charge. 


At the INCH RATE (if over |” or 12 lines) the charge is 30/- per inch, single column. 


Prospectuses and Company’s 


Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 


to: Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electronic Engineering.” 


Advertisements 


must be received before the I4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


B.B.C invites applications for the following three 
posts of Lecturer in Engineering Training Depart- 
ment at Evesham. Applicants should possess a 
Degree in Electrical Engineering or Physics, or 
equivalent qualification, and lecturing or teaching 
experience would be an advantage. (a) Audio 
Frequency Section: Duties include teaching 
electrical theory, with special reference to audio 
frequency problems. Applicants will be expected 
to have some knowledge of sound and acoustics. 
(b) Radio Frequency Section: Duties include 
lecturing on all aspects of pulse technique as 
applied to television. Recent operational experi- 
ence on television equipment very desirable. 
Successful applicant for each post will be required 
to help in directing the work of the section under a 
senior lecturer. Salary in a grade with annual 
increments of £40 and max. £890 p.a. (c) General 
Section: Duties include lecturing on electrical 
fundamentals and a sound knowledge of these is 
essential. A Degree is very desirable but con- 
sideration will be given to applicants with Higher 
National Certificate or similar qualification. 
Salary in a grade with annual increments of £35 
and max. £785 p.a. Applications, stating age, 
qualification and experience, and for which post 
application is being made, to reach Engineering 
Establishment Officer, Broadcasting House, 
London, W.1, within seven days. W 2531 


THE ADMIRALTY invite applications for a 
limited number of temporary appointments in the 
Senior Experimental Officer and Experimental 
Officer grades for employment at Admiralty 
Experimental Establishments situated in various 
parts of Great Britain. Candidates should be 
either (i) Mechanical Engineers (C.267/50) who 
have had research and development experience in 
light mechanisms, or (ii) Electrical Engineers 
(D.152/50) or Physicists (A.146/50) with research 
and development experience in light electrical 
mechanisms, electronics or acoustics. They 
should possess one of the under-mentioned qualifi- 
cations: (a) A University Degree in science, 
engineering or mathematics, (b) graduate member- 
ship of an appropriate professional institution, 
(c) Higher National Certificate, (d) the final 
certificate of a five-year grouped course in a 
relevant subject at the City and Guilds of London 
Institute, or any comparable _ institution. 
(e) Higher School Certificate with Mathematics 
or Science as a principal subject, or an equivalertt 
qualification. Candidates must be British subjects. 
For Senior Experimental Officer posts, they must 
be at least 35 years of age, and for Experimental 
Officer at least 26. The London salary scales for 
men are: Senior Experimental Officer £735- 
£935 p.a., and Experimental Officer £525-675 p.a. 
For service outside London, these rates are subject 
to the standard provincial differentiation; the 
salary scales for women are somewhat lower. 
Exceptionally, starting salaries above the respective 
minima may be granted according to qualifications 
and experience. Forms of application may be 
obtained from the Secretary, Ministry of Labour 
and National Service, Technical & Scientific 
Register (K), York House, Kingsway, London, 
W.C.2, quoting appropriate reference No, Closing 
date 13th November, 1950. 1 2542 





SITUATIONS VACANT 


BELLING & LEE LTD., Cambridge Arterial 
Road, Enfield, Middx., have the following 
vacancies :—(1) Assistant for research and develop- 
ment work in connexion with fuses and thermostats. 
(2) Assistant for research and development in 
connexion with radio aerials, components and 
interference suppressors. Applicants must be at 
least 21 years of age and be graduate members of 
the I.E.E. or hold equivalent qualifications ; some 
previous laboratory or measurements experience 
is essential. Applications, to give details of 
education and experience, and state salary 
required. WV 114 


A 


NELSON RESEARCH LABORATORIES, 
English Electric Co. Ltd., Stafford, require 
Draughtsman for development work on vacuum 
devices, including industrial type electronic valves ; 
must have flair for design of jigs and fixtures for 
assembly and processing of components and be 
familiar with modern shop techniques in this field ; 
salary according to qualifications and experience. 
Apply, mentioning Reference 143A, to Central 
Personnel Services, 24/30, Gillingham Street, 
London, S.W.1. W 2492 


RADIO ENGINEERS required. The General 
Electric Co. Ltd., are expanding their Radio 
Development Laboratory at Coventry and a 
number of vacancies for Senior and Junior 
Engineers exist at present and a further consider- 
able number of vacancies will occur during the next 
few months in the new laboratory. Applications 
are invited from Development Engineers with 
experience of micro-wave radio or radar techniques 
who are capable of developing equipment and com- 
ponents to Service Specifications. Write, quoting 
Ref. CHC. (3), to ‘Personnel Officer, General 
Electric Co. Ltd., Radio and Television Works, 
Spon Street, Coventry. WV 2491 


A FIRM in N.W. London, manufacturing a wide 
variety of industrial instruments and controls, 
invites applications for positions as Development 
Engineers. Candidates should have a good 
theoretical background with a Degree or equivalent 
in Physics or Engineering subjects, and should 
preferably have experience of development of: 
(a) Instruments and light mechanisms. (b) Servo- 
mechanisms. (c) Industrial Eleetronics. Starting 
salary £400 to £600 p.a. according to qualifications 
and experience. Write Box No. W 1172. 


MARINE RADAR ENGINEER required by 
major British Oil Company for service at a Middle 
East Port. Applicants must not be over 35 years 
of age, and must be Associate Members of the 
Institute of Electrical Engineers or possess com- 
parabie Academic qualifications, coupled with 
a wide knowledge and experience of post-war 
Mercantile Marine Radar equipment maintenance. 
General knowledge and some experience of Marine 
Radio Communication Systems would be an 
advantage. The successful applicant will be 
required to institute a small maintenance depot 
capable of offering emergency service to ships 
fitted with a variety of radar equipments. He 
would also be required as a secondary commitment 
to service Marine Radio Communication Systems 
including V.H.F. radio telephone equipment. 
The post carries an attractive salary commensurate 
with the above plus a generous allowance in the 
local currency, there is a Pension Scheme, and 
terms and conditions of service are good. Write, 
giving personal particulars and details of qualifica- 
tions and experience, quoting Department F.205, 
to Box No. 2907, at 191, Gresham House, London, 
E.C.2. 115 


MARCONI’S WIRELESS TELEGRAPH Co. 
Ltd., require staff for their modern development 
laboratories at Chelmsford, Essex, to undertake 
important development work on interesting radar 
projects. Qualified electrical engineers and 
physicists with experience of radar are required at 
various levels. There is also scope for young men 
without experience, including those who possess 
the highest academic attainments. Where 
necessary, a period of training will be given at the 
Marconi College. Please send full details indicating 
present salary level, quoting Ref. 474, to Central 
Personnel Services, English Electric Co., Ltd., 
24-30, Gillingham Street, London, S.W.1. 

W 2456 


A NUMBER of Senior and Junior vacancies for 
Radio, Radar, Electronic, Television, etc., Develop- 
ment, Service Engineers, Draughtsmen, Wiremen, 
Testers, Inspectors, etc. Urgently required, 30 
Television Service Engineers. Write in confidence: 
Technical Employment Agency, 179, Clapham 
Road, London, S.W.9. (BRIxton 3487), W 113 


ADMINISTRATIVE OPPORTUNITY 
Engineer 26-30, experience in light engineering, 
required to undertake training leading to responsible 
costing position in East Anglian factory. Write 
Box No. W 1179. 


E. K. COLE, LTD., have vacancies for Testers at 
their Electronics Division. Experience in the 
testing of radar communications or electronic 
equipments to Ministry specifications essential. 
Full details, in writing, to the Personnel Manager, 
Malmesbury, Wilts. W 2468 


VICKERS-ARMSTRONGS, LTD., Weybridge: 
invite applications for the post of Electronic 
Engineer, to take part in electronic side of special 
projects. Write, stating experience and qualifica- 
tions, to Employment Manager, Weybridge 
Works. N 2457 


VICKERS-ARMSTRONGS, LTD., Weybridge, 
invite applications for the post of Project Engineer 
to be in charge of certain special projects. Qualifi- 
cations required for the post include experience of 
control methods and knowledge of electronics and 
instruments. Write, stating experience and 
qualifications, to Employment Manager, Weybridge 
Works. W 2458 


ELECTRICAL ENGINEERS or Physicists 
required with experience in the theory and practice 
of servo-mechanisms and analogue computers for 
interesting new development work near London. 
Apply, mentioning Ref. DEF, to Box No. W 2484. 


WOOLWICH POLYTECHNIC, London, S.E.18. 
The Governing Body invites applications for the 
post of Lecturer in the department of physics and 
telecommunications, to teach chiefly electrical 
subjects to the standard of the Intermediate B.Sc. 
examination and the Higher National Certificate 
in Telecommunications. Candidates will be 
preferred who have a Degree in Physics and a 
knowledge of some branch of Telecommunications, 
but a candidate with a suitable Degree in Electrical 
Engineering will be considered. Burnham technical 
scale salary, £300-15-£555, plus London allowance 
and graduate additions. Starting salary according 
to industrial and teaching experience. Maximum 
possible is £708. Full particulars of the post and 
application forms may be obtained from the Clerk 
to the Governors, to whom they should be returned 
within two weeks of the date of this advertisement. 

W 2540 


DEVELOPMENT ENGINEERS. There are 
vacancies on the permanent staff of a W. London 
company for Senior Electronics Development 
Engineers with experience in light  servo- 
mechanisms and/or magnetic amplifier technique. 
Applicants should have good academic qualifica- 
tions and should write, giving age, experience and 
salary required, to Box No. W 2541. 


A NUMBER of interesting vacancies have arisen 
for Physicists and Engineers for experimental 
and design work in research teams of the Research 
Laboratories of The General Electric Co., Ltd., 
East Lane, North Wembley, Middlesex. A variety 
of problems are being investigated and applications 
will be considered from men with both general and 
specialised training and experience in the fields of 
physics and light mechanical or electronic engineer- 
ing. Details of openings will be sent to all selected 
candidates who send particulars of their qualifica- 
tions and experience to the Personnel Officer 
(Ref. GBLC/33/2). Replies will be sent to all 
letters. W 2539 


RADIO MECHANIC required for development 
of industrial electronic equipment. Good position 
for experienced man. Teddington area. Write, 
stating experience and salary required, to Box 
No. W 1201. 


RADIO AND ELECTRICAL Engineer, preferably 
single, aged 26/32, required by British Company 
trading Middle East. Salary according experience, 
Pension Scheme, cost living allowance, etc. Apply 
Box No. W 1197. 








CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





E. K. COLE LTD. (Malmesbury Division) invite 
applications from Electronic Engineers for per- 
manent posts in development laboratories engaged 
on long-term projects involving the following 
techniques: (1) Pulse generation and _trans- 
mission. (2) Servo mechanisms. (3) Centimetric 
and V.H.F. systems. (4) Video and feedback 
amplifiers. (5) V.H.F. transmission and reception. 
There are vacancies in the Senior Engineer, 
Engineer and Junior Grades. Candidates should 
have had at least 3 years’ industrial experience 
in the above types of work, together with educa- 
tional qualifications equivalent to A.M.I.E.E. 
examination standard. Commencing salary and 
status will be commensurate with qualifications 
and experience. Excellent opportunities for 
advancement are offered with entry into pension 
scheme after a period of service. Forms of applica- 
tion may be obtained from Personnel Manager, 
Ekco Works, Malmesbury, Wilts. W 2525 


RESEARCH and Development Engineer for 
work on electronic switching, control and com- 
puting apparatus required by N.W. London firm 
of repute manufacturing a variety of electrically 
controlled light mechanisms and extending their 
development in the electronics field. Position 
offers good remuneration and permancy. 
Candidates should have good theoretical back- 
ground of wire and tape recording principles and 
practical experience in development. Kindly 
submit details of experience, age, salary required, 
etc. to Box No. W 1200. 


ELECTRONICS DEVELOPMENT Engineers. 
An important west London manufacturing 
company invites applications from both qualified 
Electronics Development Engineers and Junior 
Engineers. The positions available are permanent ; 
carry good commencing salaries and offer consider- 
able opportunity for advancement in salary and 
status. The following qualifications are required. 
(a) Senior Electronics Development Engineers, 
at least 3-5 years’ experience in valve circuit 
technique. Preferably with a University Degree. 
Age 25-50. (b) Junior Electronics Development 
Engineers. referably with some experience 
and holders of a University Degree. Aged up to 
0. saa should, in the first instance, write 
in confidence giving full particulars of qualification, 
—* age and salary desired to Box No. 
2538 


RESEARCH ASSISTANTS are required by the 
Research Department of C. A. Parsons & Co. Ltd., 
for work on electronic developments and/or on 
vibration, strain and similar measurements by 
electrical methods. Applicants should possess at 
least the Higher National Certificate or equivalent 
ualifications in electronic or electrical engineering. 
vious industrial or engineering experience 
will be an advantage. Apply, giving age and 
experience, to the Personnel Manager, C. A. 
Parsons & Co., Ltd., Heaton Works, Newcastle- 
on-Tyne, 6. 


A TELEVISION Receiver Manufacturing Com- 
any in the North West requires a Chief Engineer. 
mly experienced engineers interested in the 

design and progressive development of a range of 

high quality receivers for quantity production 
need apply. Write giving full details mentioning 

tef. DDG to Box No. W. 2534 


SEVERAL Draughtsmen with Electronic experi- 
ence are required by an old established firm at 
their Research Laboratories, Borehamwood. 
Applicants must have experience of the design and 
detailing of modern electronic equipment. Please 
State full details of experience, age and salary 
required. There are also several vacancies for 
juniors to train as Electronic Draughtsmen. An 
experienced Drawing Office Clerk (Male) for office 
records and photo copying is also required age 
40-50 years. Apply Box No. W 2535 


ELECTRONIC ENGINEERS. Vacancies exist 
in the laboratories of a well known firm in the 
East London area for several senior Electronic 
Engineers. Candidates who must be British born 
subjects aged 30-40, should have an Honours 
Degree in Physics or Engineering with some 
experience in telecommunications. A knowledge 
of filter design, coil design, or servo-mechanisms 
would be an advantage. The posts are progressive 
and pensionable and carry salaries in the range 
¢ £700 to £1,000, Full particulars to Box No. 
2527. 


Electronic Engineering 


RESEARCH PHYSICIST required by _ the 
Medical Research Council for work in South Wales 
on bio-physical factors concerned in Clinical 
radiography. The work will include a study of 
miniature radiography and of the technique of 
micro-radiography of pathological specimens. A 
good knowledge of X-ray physics and vuptics 
essential. Good facilities available for investiga- 
tion of interesting theoretical problems of great 
practical importance. Initial salary (according 
to age and experience) in range £490-£600 per 
annum. Further details obtainable from Director, 
Pneumoconiosis Research Unit, Llandough 
Hospital, Nr. Cardiff, to whom application should 
be made. W 2533 


PHYSICIST or Electronic Engineer required for 
the development of apparatus for physical measure- 
ments. Preferably Honours Degree standard, or 
equivalent, with several years industrial experi- 
ence. Full particulars, age, qualifications, experi- 
ence, salary required, etc., Box A.E. 95, c/o, 
Central News Ltd., 17, Moorgate, London, E.C.2. 
W 2532 


ASSISTANT development engineer required 
for laboratory work on electronic control equip- 
ment operating at frequencies between 0-50 cycles. 
Must be capable of designing orthodox mains 
transformers (200VA and under) for power packs, 
etc. The work which is in a comparatively new 
field, is varied and interesting. Apply, stating 
age, experience, and salary required to: Sciaky 
Electric Welding Machines Ltd., 97, Farnham 
Road, Slough, Bucks. W 1196 


AN INTERESTING and progressive position 
exists for a qualified Electrical Engineer, in 
connection with the design and development of 
servo and electro-magnetic equipment for aircraft. 
Apply, giving age, details of experience and 
salary required to Mr. G. Orloff, Chief Designer, 
British Messier Ltd., Cheltenham Road East, 
Gloucester. W 2530 


THE MEDICAL COLLEGE of St. Bartholo- 
mew’s Hospital require three Junior Laboratory 
Technicians in the Department of Physics. The 
salary is on a scale of {120 to £300 per annum. 
The commencing point on the scale will depend 
upon age, qualifications and experience. It would 
be an advantage for candidates to hold a High 
Schools Certificate in science. Applications 
should be addressed to the Secretary of the 
Medical College, W 1188 


ENGLISH ELECTRIC require a_ technical 
representative for the Birmingham area. Candi- 
dates should have good experience of industrial 
electronic equipment and be resident in the Birm- 
ingham area. Previous commercial experience in 
this field is desirable. Car provided. Write, 
giving full details of previous experience, quoting 
ref. 356D to Central Personnel Services, English 
Electric Co. Ltd., 24-30, Gillingham Street, 
London, S.W.1. W 2528 


ASSISTANT MECHANICAL Engineer re- 
quired to carry out mechanical design of various 
types of industrial electronic equipment. Previous 
experience on the design of light mechanical or 
electro-mechanical equipment necessary. H.N.C. 
(Mech.). This is progressive appointment in 
expanding department of well known firm with 
pension scheme, etc. Send full details, including 
present salary quoting ref. DIH to Box No. 
2526. 


APPLICATIONS are invited for the post of 
Senior Assistant Telecommunications Engineer 
in the Technical Department of a telecommunica- 
tion cable factory in S.E. London, to be engaged 
principally on detailed planning of communication 
projects and supervision of manufacture and/or 
installation of cables. Applicants should be fully 
qualified, should preferably have experience in 
this field, and must be willing to travel abroad. 
Suitable age 30 to 40. Salary in accordance with 
age and experience. Applications, with details of 
qualifications and experience, to Box No. W 2520 


SENIOR ELECTRONIC Engineer required on 
coil and filter design for high priority government 
contracts by large well known company in London 
area. Candidates must be British subjects and 
should have a good Degree in Physics or Electrical 
Engineering and some years experience in the 
design of filters and transformers. The post is 
ermanent, progressive and pensionable. Apply, 
in confidence, stating full particulars, to Box 
No. W 2524. * 
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PHYSICIST or Physical Chemist required to 
build up and operate a small production unit for 
the manufacture of a new type of electrolytic 
condenser. Previous experience of electrolytic 
condenser manufacture and testing would be an 
advantage. The unit will be located in Northamp- 
tonshire. Please state full details of experience 
with age and salary required, to Box No. W 2523. 


ELECTRONIC ENGINEER for development 
work required by expanding industrial electronic 
team in well known manufacturing firm. Previous 
experience of servo-mechanisms and industrial 
process control together with a Degree (preferably) 
or H.N.C. Send full details and present salary, 
quoting ref. GBH to Box No. W 2522. 


A CHEMICAL ENGINEER and a Metallurgist 
are required by leading manufacturers of R.F, 
heating equipments. Previous experience in this 
field is desirable. Good conditions offered to 
suitable applicants who send full particulars, 
quoting ref. BHG to Box No. W 2521. 


DECCA RADAR LTD., have vacancies for 
intermediate and senior —- draughtsmen, 
Applicants should possess O.N.C. as a minimum 
qualification and be capable of original design 
work. Write, giving full details of experience 
and qualifications to: Welfare Officer, Decca 
Navigator Co., Ltd., Shannon Corner, New 
Malden, Surrey. W 1192 


TECHNICAL WRITERS required to prepare 
and edit reports and handbooks for publication. 
Qualifications: A good — training in elec- 
tronics with wide practical experience of electronic 
equipment. Marked critical faculty and ability 
to write clear English. Applicants should write, 
iving full details and quoting ED/19 to Personnel 
a. E.M.I. Ltd., Blyth Road, Hayes, 
Middx. W 2518 


SALES ENGINEER. Progressive firm of 
industrial electronic instrument manufacturers, 
require Sales Engineer for Midlands area. Must 
have a sound knowledge of Physics, and experi- 
ence of thermal measurement, flow measurement 
and similar work. Good salary commensurate 
with experience and ability. Excellent oppor- 
tunity for right person. State, age, qualifications, 
and give details of experience and positions held 
to: The Managing Director, Fielden (Electronics) 
Ltd., Paston Road, Wythenshawe, Manchester. 
1202, 


WELL KNOWN firm of Precision Engineers and 
Scientific Instrument Makers requires Research 
Physicists and Engineers for the Physics and 
Electronic Circuits Divisions of their Research 
Laboratories situated on the northern outskirts 
of London. Vacancies exist for: (1) A Senior 
Research Engineer aged 30 to 40, salary £1,000 to 
£1,500 per annum, according to qualifications and 
experience. (2) Research Engineers and Research 
Physicists, aged 25 to 30, to take charge of small 
research groups, salary £700 to £1,000, according 
to age and experience. (3) Junior Research 
Physicists and Engineers, aged 21 to 26, salary 
£350 to £700 according to age and experience. 
andidates for posts (1) and (2) are expected to 
have an Honours Degree in Physics or Engineering 
and to have had research experience. For one of 
the posts under (2), experience of research in 
advanced circuit techniques is required ; for other 
ts particular research experience is not 
important but the research to be carried out will 
be mainly on the properties of materials. Candid- 
ates for post under (3) are expected to have an 
Honours Degree or research experience. All posts 
will be permanent and a superannuation scheme 
to which the firm contributes will be available to 
those successful candidates who wish to join. 
Applications must be made in writing by 30th 
November 1950. Before appointment candidates 
will be expected to attend an interview in the 
vicinity of London. Reasonable travelling ex- 
penses will be paid. Apply, Box No. W 2545. 


DRAUGHTSMAN required for Radio Technical 
Handbook work. Ability to produce first class 


diagrams from rough notes is essential. Good 
prospects, permanency and superannuation 
scheme. Apply, stating age, qualifications, 


experience and salary required mentioning ref. 
AEC to Box No. W 2544. 
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| MONITOR Typell32A 




















This Monitor is enn for use 
with X-Rays and will give accurate Type 1132A | Type 1043C | Type 1118A 
indication of dosage of soft radia- 
i i i Ran 0-15 0-125 0-15 

. -contain ort- ge 
tion. It is self-contained and p t mR/hr| 0-150 at | eA 
able. There are other Ekco Monitors | 
of similar design for Gamma dosage | 
and Beta qualitative detection, as Use | X-radiation| Gamma dosage and Beta 
listed on right. 10KeV up- | qualitative detection 

wards 














E. K. Cole Ltd. can supply a complete range of equipment for the radio- 
chemical laboratory. Write for catalogue giving full specifications and prices. 
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Pages ye © Sal Ry LiMiTED, ERECT RONICS:  -BIvers town 

iis dae: 5 Vigo Street, rn W.!. Export Dept.: ~~ Works, Southend-on-Sea, England. 
Phone: Reg. 703 Phone: Southend 49491. 

LABORATORIES & WORKS: EKCO WORKS, MALMESBURY, WILTS. 'Phone: MALMESBURY 2121 
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“C” CORE CRARSFORMERS 
for all purposes, by 


Sound Sales Limited 


Hdmiralty Contractors since 1938 


SPECIALISTS IN ALL TYPES OF 
TRANSFORMERS AND CHOKES 


Single and three phase up to 12 K.V.A for 20 years 


SOURD SALES CIMICED 


Wiest Street, Farnbam, Surrey 


Farnham 6461/2/3 Telegrams: Sounsense, Farnham. 
London Office: 125 Oxford St., London, W.1. 














CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





UNIVERSITY COLLEGE LONDON has a 
vacancy in the Department of Physics fer a 
technician to assist in a research programme in 
Atomic’ and Nuclear Physics under Professor 
Massey, F.R.S, Experience in one or more of 
the following techniques is desirable: high 
vacuum, high voltage, electronics, spectroscopy. 
Salary scale, £390 x 13-£481. Family allowance 
schemé and good holidays. Application forms 
from the Secretary, University College, London, 
Gower Street, W.C.1, quoting PHYSICS/5. 

W 2543. 


ELECTRICAL ‘ ENGINEER for interesting 
development work on household appliances. 
Qualifications : Degree or equivalent in engineer- 
ing and preferably’ experienced in this type of 
work. Applicants should write, giving full details 
to Personnel Department, ED/20, E.M.I. Engineer- 
ing Development Ltd., Blyth Road, Hayes, Middx. 

W 2546 


DEPUTY CHIEF INSPECTOR to take charge 
of inspection of prototype electronic equipment. 
Qualifications: Sound technical training pre- 
ferably with a Degree in electrical engineering or 
equivalent and wide industrial experience. 
Thorough knowledge of A.1.D. procedure would be 
an advantage. Starting salary in the range {600 
to £750 according to experience and qualifications, 


with excellent prospects. Applicants should 
write, giving full details, to Personnel Department, 
E.M.I. Engineering Development Ltd., Blyth 
Road, Hayes, Middx., quoting ED/26. 

W 2547 
SALES ENGINEER required by the Edison 
Swan Electric Co., Ltd., 155, Charing Cross Road, 
London, W.C.2, for department engaged in the 


sales of hcavy duty thermionic valves. Technical 


qualifications essential. State also age and 
experience in detail. W 2548 
SALES ENGINEER required by the Edison 


Swan Electric Co., Ltd., 155, Charing Cross Road, 
London, W.C.2, for department engaged in the 
sales of electronic and light electrical instruments. 
Tec hnical qualifications essential. State also age 
and experience in detail. 2549 


LABORATORY TECHNICIAN 
Electroencephalography Department of Medical 
School. Applicants should possess technical 
training in electronics and servicing of amplifiers. 
Workshop practice essential. Previous E.E.G. 
experience not essential ; preference will be given 
to graduateship of British Institution of Radio 
Engineers, Institution of Electrical Engineers, or 
equivalent qualification. Salary scale 
rising by four increments to £435 p.a. plus London 
weighting allowance according to age. Applica- 
tion forms, to be returned within 14 days of the 
appearance of this notice, from the Secretary, 
Institute of Psychiatry, Maudsley Hospital, S.E. 
W 


required for 


£370, 


2550 


THE MULLARD RADIO VALVE Company 
invite applications from men between 26 and 40 
years of age for positions on the supervisory staff. 
Appointments will be made to fill vacancies for 
Foremen and Assistant Foremen. National 
Certificate will be an asset and applicants should 
preferably have served an apprenticeship in either 
Mechanical or Electrical Engineering. They should 
also possess qualifications usually associated with 
Foremanship (production planning, labour con 
trol, machine maintenance, et« Good prospects 
of advancement for the right man. Salaries in 
accordance with Company’s scales. Application 


form from, Personnel Officer, Mullard Radio 
Valve Co., Ltd., New Road, Mitcham Junction, 
Surrey, quoting the reference “ S.F.I.” ) 2551 


THE MULLARD RADIO VALVE Company 
require men to train for senior positions in their 
Valve Manufacturing, Engineering and Develop- 
ment departments at Mitcham. Applicants must 
have a Degree or equivalent in Physics, Chemistry 
or Electrical Engineering, or should have served 
an apprenticeship in an electrical or light mechani- 
cal engineering works, with Higher National Certi- 
ficate, or equivalent. Need not have had experi- 
ence in radio valve manufacture, but this would be 
an asset. All applicants must have completed 
their National Service and should preferably, be 
aged between 25 and 40. Posts after training are 
permanent with good prospects of advancement 
n an expanding and highly technical industry. 


Electronic Engineering 


Salaries will be in accordance with the Company’s 
scales. Application forms from Personnel Officer, 
Mullard Radio Valve Co., Ltd., New Road, 
Mitcham Junction, Surrey , quoting the reference 
"Se" NV 2552 


MEDICAL RESEARCH COUNCIL. Th® 
M.R.C, Unit at the Cavendish Laboratory, Cam” 
bridge, has a vacancy for a male student technician 
to be employed on the construction and mainten- 
ance of X-ray tubes. The candidate who should be 
aged about 20, should have performed his Military 
Service and have taken, ‘or be ready for, the 
National Certificate or Inter B.Sc. in Electrical 
Engineering. Practical experience in a laboratory 
is desirable, but not essential. Starting salary 
without the Certificate at age 20 would be {195 
p.a., and with the Certificate £225 p.a. There are 
increments in this grade up to £312 p.a., and pros- 
pects of promotion to a higher grade after the 
candidate has had six years’ approved experience 
in a laboratory. Candidates should apply to Dr. 
M. F. Perutz, Cavendish Laboratory, Cambridge 
W 1203 


ELECTRONIC ENGINEER for small develop- 
ment section, preferably with experience in design 
and layout of electronic equipment for medical 
purposes. State age, experience and salary re- 
quired. Box No. W 2557. 


ELECTRICAL COMPONENT Manufacturers 
situated in W. London, require intelligent person 
to take charge of special test section. Applicants 
should possess Inter B.Sc., or equivalent, have 
previous experience of test "and measuring equip- 
ment and be capable of maintaining accurate 
records. Write, stating age, experience and salary 
required to Box No. W 2556. 


TECHNICAL ASSISTANT to Engineer in 
charge of Research and Development Laboratory 
required. Degree in physics essential and high 
standard of mathematics desirable. Candidates 
should have sound practical and design experience in 
industry, and will be required to assist in develop- 
ment of mechanical, thermal and_ electrical 
equipment of precision nature. Reply, stating 
age, experience, qualifications and salary required, 
to Box No. W 2553. 


MANAGER required to take charge and develop 
service department of Home Company trading in 
British Central Africa, handling radios, refriger- 
ators, typewriters and sewing machines, etc. 
Sound electrical and radio knowledge essential. 
Preliminary training will be given in other service 
requirements before departure. Four = years’ 
contract with passage, housing, paid leave, etc. 
Good salary and prospects. Address, 1301, Wm. 
Porteous & Co., Glasgow. NV 2554 


A WELL-KNOWN London 
manufacturer requires a Technical Engineer for 
research and development. The position offers 
opportunity for later advancement to Chief Engin- 


Radio Component 


eer for suitable man. Previous similar experience 
preferred but not essential. Applicants must 
have excellent electronic background. Good 
education essential, but not Degrees. Write in 


confidence to Box No. W 2555. 





FOR SALE 


corLs. Special inductances ruH to 2H at 
RF, singly or quantity, wound to order. Bel 
Sound Products Co., Marlborough Yard, Archway, 


N.19. Archway 5078. W 112 


GLASS-TO-METAL SEALS and High Vacuum 
by Hall, Drysdale & Co. Ltd., of 58, Commerce 
Road, Wood Green, London, N.22. ’Phone: 
BOWes Park 7221. W 117 


MAGSLIP TRANSMITTERS, 3 in., Mk. 2 ere 
Mk. 4, 21s. 6d.; magslip hunters, 2 in., Mk. 

os. 6d. S.A.E., details. K. Logan, Westaliey, 
Hitchin, Herts. W 116 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 
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AMERICAN MAGAZINES. One year post 
free. ‘‘ Radio Electronics,” 32s. 3d.; ‘ Audio 
Engineering,” 28s. 9d.; ‘‘ Radio and Television 
News,” 36s. ; ‘“‘ Popular Science,” 28s. 6d. S.A.E. 
for full list from Willen Ltd. (Dept. 9), ror, Fleet 
Street, London, E.C.4. W 108 


WEBB’S 1948 Radio Map of World, new muliti- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d, 
On linen on ‘rollers, 11s. 6d., post 9d. W 102 
I.P.R.E. Technical Publications. 5,000 alignment 
peaks for superheterodynes, 4s. post free; 

“The Practical Radio Engineer,” quarterly 
publications of the Institute, sample copy, 2s. post 
free ; membership and examination data, 1s. post 
free. Secretary, 1.P.R.E., 20, Fairfield Road, 
London, N.8. WwW 2320 


ELECTRONICS. Write to the firm which 
specialises in electronic equipment for your 
requirements in relays, valves, thyratrons, photo- 
cells, electron multipliers, special C.R.T. image 
converters, selsyns, velodynes, etc., as well as all 


components. A. McMillan, 5, Oakfield Road, 
Bristol, 8 V 2519 
DISC RECORDER. M.S.S. PRB4_ portable 
equipment with self-contained amplifier and 
separate speaker cabinet. Embodies Rotocol 
Swarf Collector and scroll-off mechanism. Perfect 
condition. £110, complete or near offer. Dawe 


Instruments Ltd., 130, Uxbridge Road, Hanwell. 





2536 
SURPLUS VALVES. New boxed single and 
fully guaranteed. Carriage paid over {1. Order 
now with confidence. 6V6g, 5Z4, 6K7M, 6K7G, 
6J7M, 1C5, 6AC7, 6N7, KT44, 6X5, 5s. each. 
607GT, 607G, EF39, 5s. 9d. each. 6B8, 6J5, 
VU111, LL4, 128G7, 12AH7, 12SH7, SP13, 2X2, 
6SG7, 12SK7, 4s. 6d. each. Lists with orders 
only. Alpha Radio Supply Co., 5/6, Vinces 
Chambers, Victoria Square, Leeds, 1. W 1193 





PHOTO-ELECTRIC Meter Components. 
Selenium Light Cell, 6s. 6d; Micro-amp, Meter 
Movement, ros. 6d.; Perspex Instrument Case, 
10s. 6d.; Assembly Instructions, 2s. 6d, S.A.E. 
full details, G.R. Products, 22, Runnymead 
Avenue, Bristol, 4. ‘ 71195 
MAGNETIC RECORDING. _ Stainless Steel 
Wire, .0036 in. diam. 8 oz. Spools, 14,000 ft., 


playing time two hours, 15s; 12 cz. spools. 20s. 


post free. H. Wilson, 17, Berwood Farm Road, 
Sutton Coldfield. W 1194 
BTH Fractional H.P. Motors, 1/25 h.p., 24 
V.D.C., 1,660 r.p.m. Suitable for all industrial 
duties. 200 available as new. {£1 each. 

Edwards & Co., Ltd., Worsley Bridge Road, 
>.E.26. W 2558 





TEST SET type 28 incorporating a microammeter 
F.S.D. 50 microamps in steel case 6 in. by 34 in. by 
each. 


3 in. with diode valve resistors, etc., 50s. 

Beat Frequency Oscillator by F.H.L., range .05 to 
10 kilocycles, output approx. 2 watt, into 600 or 
10 olfms, 50 cycle check provided. In pe rfect 


order for 100 to 250 ag A.C. 50 cycle mains. £25 
Signal Generators type 1-72-J by Espey Manf. Eo., 
U.S.A. Range 100 K. c. to 32 M.C. with 400 cycle 
mod. R.F. output 30,000 microvolts for 110 
volt 50 — mains supply. Brand new, perfect 
condition £2 Test set type 205, .5 to 3.5 centi 
meters its 9 valves, including Klystron, Magic 
Eye. 100 microampmeter, in excellent condition, 


only £20. Milliameters, voltmeters, relays, key 
switches, uni selectors, etc. Large stocks, low 
prices. L. Wilkinson, 19, Lansdowne Road, 
Croydon. V 1204 





SERVICE 


GLASSBLOWING, repetition and scientific, by 
on Drysdale & Co. Ltd., of 58, Commerce Road, 

Wood Green, London, N.2z2. Phone BOWes 
Park 7221-2. W 109 


A SECOND-TO-NONE rewind service, reliable, 
neat, return of post service; your televi ision 
requirements promptly executed, EHT, LHT and 
heater transformers; stamp _ for quotations, 
R. E. F., 137A, Ashton Road, Oldham. W 1165 
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epg Measures from — 0.01 volt to +1.92 volts on three ranges . 
cslleoges of XI, X0.I and Xo.oI. 


nge .05 to . 
to 600 or * ee . 
n perfect Smallest subdivision on x 0.01 range, 10 microvolts. 
uns. £25 


coo Small negative reading ensures absolute zero volts 


ig position. ACCESSORIES FOR USE 


v, perfect . . 
5 see Accurate current control by stud rheostat and slide wire. WITH THIS INSTRUMENT 
ondition, ° ° ° = 
ays, bey Separate standard cell balancing circuit. VOLT RATIO BOX .._ .. TYPE A-202-A 
xcks, low 

; ee WESTON STANDAR PE D-402 
@ Road, Terminals for two external circuits selected by switch. pe Reeietie es liar ane = el 


W 120 4 
LAMISTAND .. oe -. TYPE D-74-A 





ntific, by 
‘ce Road, 


oe MUIRHEAD 


W 109 











, reliable, 





television 

LHT and ‘ 

Wines ® Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Telephone: Beckenham 0041-2 

ENTS FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 





C.R.C.35. 
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CLASSIFIED ANNOUNCEMENTS (Cont’«) AGENCIES 
LONDON Sales Organisation wishes to com- 
SPEAKERS reconed and reconditioned. Wave- M™unicate with manufacturers of electronic equip- 
wound Oscillator, Aerial and I.F. Coils rewound. ment and light electrical apparatus who desire * 
Transformers, Fields, Armatures rewound. Radio London and Home Counties representation. 


& Transformer Services, Church Hill, Connah’s Box No. W 1198. 


, Chester. W 118 7 1 . 
any, Chester: re BUSINESS OPPORTUNITIES Radiospares 


ELECTRICAL Measuring Instruments of every 
make repaired and standardised. The Electrical DEVELOPMENT ENGINEER seeks partner 


Instrument Repair Service, 329, Kilburn Lane, with production experience and ideas to start : « 
London, W.g. Tel.: Lad. 4168. W 1151 small manufacturing concern. {2,000 available, Ouality arts 


Write, stating experience, etc. Box No. W 1199, 











EDUCATIONAL The 


CITY AND GUILDS, (Electrical,) etc., on ‘‘ No SERVO CONTROL EQUIPMENT = e 7 e . 
Pass—No Fee” terms. Over 95 per cent successes. Serrice Engineer s 
Ad enh go cohen — — in all branches of i é, 

ectri echnology, send for our 112-page “4 
handbook—free and post free. B.I.E.T. (Dept. F erst Choice 
337C), 17, Stratford Place, London, W.1. 





























W 100 * 
WANTED 49 a 
WANTED, TF 144G Signal Generator; TF 340 
output mati type 339 -B, oscilloscope, 0.E.C., MAGSLIPS 
175, Uxbri oa anwe! ndon 7. Resolvers, Transmitters, Hunters, 

i ‘ ‘ ” W 1188 Receivers, etc., 2” and 3° types. PROCESS TIMERS 
pany en £ ana egress TF144G ont Out SELSYNS 52” x 6” x 53” 

t Meter 340, any condition. Leslie Dixon -Shifti . . 
ro. 214, Queenstown Road, Battersea, S.W.8 Power end Phase-Shilting types For flush or wall mounting. 
Tel.}: Mac. 2159. W 2454 INDUCTION MOTORS AND Type JPS. Hand Resetting Timer. 

a VELODYNES Type SRJ. Automatically Resetting 
WANTED, Valves, large or small quantities . : 4 } e 
Sprague ant electrolytic condensers, speakers and Send for list and technical details. Timer. 
all types of radio components. William Carvis, Repair facilities for all types of British and BOTH SYNCHRONOUS 
103, North Street, 2% W 2529 American Magslips, Selsyns, test equipment, 
WANTED. Surplus Ameci Refio Val etc. JPS. Ask for Lists 120 & 121|EO 
lo urplus American Radio Valves, 
identified by U.S. Army or USAF nomenclature in HOPTON RADIO, 
large mentitics. Jn. new tcheviston. sesistors, 1, Hopton Parade, Streatham High Road, } LONDEX LTD ‘snaannasiati 
Airmail complete details, approximate deliveries. 
American Export Industries, 111 E. Delaware LONDON, S.W.I6. Manufacturers of Relays 
Place, Chicago, 11, Ill. Cables: ee "phone: STReatham 6165 207, ANERLEY RD., LONDON, S.E.20. SYDenham 6258-9 
IIgI 








There is only one Portable Pattern Generator 


that will give you the B.B.C. wave-form on all channels between 40-70 
MC/s out of viewing hours ..... 


There is only one Portable Pattern Generator 


which enables a T.V. receiver to be installed or serviced with complete 
confidence that no further adjustment will be needed ..... 


There is only one Portable Pattern Generator 


which will enable every minute of a service engineer’s time to be used 
profitably ..... 


Find out more about the 


MURPHY TPGII 


before you buy any other make—remember that it is not first cost that 
matters, but timed saved on servicing and installation work over a period 
of years. 


For further details ad 
jor ienniains, Ke LIVINGSTON HOGG imi 


lepho TUD he a 
TS «| GS, BARNSBURY STREET, LONDON, N.i. ‘“ouae iene. 
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MULLARD DISC-SEAL TRIODES FOR U.H.F. 


For U.H.F. links, local oscillators and wide band applications such 
as multi-channel communication systems, radar altimeters, etc., 
the use of frequencies up to 1,500 Mc/s or even 3,000 Mc/s is often 
required. The Mullard Disc-Seal Triodes 
have been designed specifically for such purposes. 
In the ME1001, adequate cooling and low induct- 
ance are combined in the design of the anode and 
grid discs to give an anode dissipation of 10 watts 
and an upper frequency limit (as an oscillator) 
of 3,750-3,500 Mc/s (8-8.5 cm). 

The ME1003 is basically similar in design to the 
ME1001 but the larger electrodes permit an anode 
dissipation of 25 watts. However, the larger 
clearances necessary to obtain this value, limit 
the upper frequency to 2,500 Me/s. 








PRINCIPAL CHARACTERISTICS 








MEI001 ME1003 
Heater Voltage (V) pe oud 6.3 6.3 
Heater Current (A) ae 0.4 1.0 
Max. Anode Voltage (V) _ a 350 400 
Max, Anode Dissipation (W) 10 25 
Max. Anode Current (mA) .. 50 200 


Max.Peak Anode Current (mA) 150 600 
Power Output (W) ... ‘a 0.5 5 

(at 3 ,000 Mc/s) (at 1,500 Mc/s) 
(at 500 Me/s) (at 430 Mejs) 
30 30 














Mutual Conductance Pe - 
Amplification Factor... 








MULLARD ELECTROMETER VALVES 
The Mullard group of Electrometer Valves listed 


below is finding an increasing number of industrial, 
research and medical applications which involve the 
measurement of direct currents of up to the order of 
10-'6 amperes. The ME1400 is particularly suitable 
for users of photocells who wish to take advantage of 


a high grid resistance. 








Type Description vy (WAY) u & 
ME1I400; A 4.5V Electrometer Pentode e 
on an octal base suitable for use | 45 240 — | Io!! 


in high resistance circuits, e.g. 
pH meters, photocell units, and 
valve voltmeters. 
MEI401| A 1.25V sub-miniature Electro- 125 
meter Triode especially suitable | 9 80 1.7 : 
for use in nuclear radiation 1074 
dosemeters. = 
ME1402| A 1.25V Sub-miniature Electro- 
meter Tetrode especially suit- | 4.5 10 i= 
able for use in nuclear radiation Lg. [SxlOm's 
dosemeters. 
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REVIEW OF NEW AND CURRENT VALVES 



























































A NEW PHOTOMETRIC CELL 


The Mullard Photometric Cell Type 
57CV has a specially prepared cathode of 
caesium-on-oxidised-silver, and is in- 





tended for use in circuits designed for 
making accurate photometric measure- 
ments in the red and infra-red region of 
the spectrum. The sensitivity of the cell, 
measured with a lamp of colour tempera- 
ture 2,700°K at 0.1 lumen, and with the 
total area of one side of the cathode 
illuminated, is 25 micro- 
amperes per lumen. Other 
characteristics are:— 




































Dark current at 100V 
10% wA max, 


Anode Supply Voltage 
100V 


Cathode Current (each side) 
SpA 













INDUSTRIAL POWER VALVES 
THYRATRONS + INDUSTRIAL 
RECTIFIERS* PHOTOCELLS * FLASH 
TUBES ACCELEROMETERS 
CATHODE RAY TUBES ~ STABIL- 
ISERS AND REFERENCE LEVEL 
TUBES * COLD CATHODE TUBES 
ELECTROMETERS, ETC, 




















If you require full technical data on any of the 
valves described in this review, please check 
this form, pin to your letter heading and post 
to the address below. 



























DISC-SEAL TRIODES- + «+ = 
PHOTOMETRIC CELL + = - 
ELECTROMETER VALVES 





















MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON 
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A Complete Miniature 
Vacuum Coating Unit 








* SUITABLE IN PRICE 
AND EFFICIENCY FOR 
EXPERIMENTAL AND 
PRODUCTION 
LABORATORIES 


This miniature equipment has already proved in- 
valuable to many technical institutes who have 
employed it to advantage in the physics laboratory 
for the semi-silvering of mirrors used in inter- 


ferometry ... in research work on the structure 
and physical properties of thin films . . . physics 
phenomena. . . for the vacuum coating of precision 


resistors, radiation detectors, colour camera pellicles 
photv-cells ete. 


. . tor better vacuum service . . 


W. EDWARDS & CO. (London) ETD. tower syDENHAM, LONDON, S.E.26 


Telephone: SYDenham 7026 (8 lines). Telegrams: EDCOHIVAC, Souphone, London. 

















The First published design 
for B.B.C. F.M. Reception 


& 
HOME BUILT 
FREQUENCY MODULATED 
RECEIVER 


By K. R. STURLEY, Ph.D., M.I.E.E. 





dcclatéeal 
eda 


Contains full details and wiring diagrams for the construction of a freq y-n 
receiver for reception of the B.B.C’s. new high-fidelity F.M. transmitter at Wrotham (Kent). 
Included in the booklet is a design for a suitable aerial system and a simple Imodulated 


test oscillator for alignment of the I.F. stages. 
Price 4/6d. 


Obtainable from :— Post Free 4/9d. 


ELECTRONIC ENGINEERING : 
28 ESSEX STREET, STRAND, LONDON, W.C.2 























ision 
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Ferranti Transformers 





‘H’ SERIES HERMETICALLY SEALED 
‘G’ CORE TRANSFORMERS AND CHOKES 





Designed to conform to Specification R.C.S. 214 and R.C.L. 215. Fully approved by the 
Admiralty, War Office and Air Ministry for use in Service Equipment. 

Designed to meet Customer’s particular requirements. For quotations and further 
information please write directly to :- 


TECHNICAL SALES DEPARTMENT, FERRANTI LTD., FERRY ROAD, EDINBURGH, 5 
i 











10 


DIRECT 


POYLE CLOSE - COLNBROOK 


Flectronic Engineering 


OINTERS 





RECORDING 


Some points about the CB/E which have made this machine the considered choice of many discriminating 





ON 


broadcasting concerns throughout the world 


(1) HEAVY CAST IRON TURNTABLE, - ieee 
balanced, ensures freedom from ‘wow 


(2) TWIN DUAL SPEED FRICTION DRIVES 
i cig to reduce vibration and ground noise to a 


(3) ROBUST MILD STEEL BASE PLATE }’ thick 
ensures rigidity, stability and freedom from 
vibration. 


(4) GROOVE SPACING CONTROL gives continuous 
adjustment of pitch when cutting outside/in or 
inside/out. 


(5s) GROUND STEEL LEADSCREW HOUSING 
TUBE provides a generous cutterhead arm bear- 
ing free from side - play. 


(6) HAND OPERATED TRAVERSING CONTROL 
provides easy scrolling off and scrolling on. 


(7) PATENTED ELECTRO MAGNETIC CUTTER- 
HEAD with built in equaliser, possessing excep- 
tionally stable characteristics. 


(8) CHANGE SPEED LEVER provides instantaneous 
change to either 78 r.p.m. or 33} r.p.m. 


Full details and’ technical data on request. 


BUCKINGHAMSHIRE 


M:-S-:S-RECORDING COMPANY LTD 


TELEPHONE - COLNBROOK 87€E 115 
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CHARACTERISTICS ...2 














The CHARACTERISTICS of 


Sr VALVES 


HAVE MADE RADIO HISTORY 








PHOTO CELLS CATHODE RAY TUBES VALVES 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2 


ll 
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DATA SHEET No. 4 





EVERSHED ee 


A.C. MOTORS 


SPECIAL DUTY 
F.H.P. MOTORS 


CHARACTERISTIC CURVES FOR 
ASYNCHRONOUS MOTORS 


































































2. \ 
<4— HIGH RESISTANCE Pe <4— LOW RESISTANCE 
be. Yd ROTOR 
v 
S 
N 
rs) 7 7 ] 
= 
Ww 
S 1) The motors may be 
< / supplied wound for 60 C.P.S. 
q 
and other voltages. 
0 3000 (50) 2) The asynchronous motors 
SPEED eee can be supplied with 
ETN ee Seadiat high resistance rotors giving 
4 T Vol Frequency . a ‘ ° 
Symbol ge mage | Phase 1 CPS. | Pim, | starting | Running high starting torques. 
FEI/O Asynchronous 230 | 50 2900 2.5 2 
FC10/O | Synchronous 230 \ 50 3000 0.75 0.75 Send for the 
Evershed Small Motors’ 
FEI6/C Synchronous 230 t 50 3000 6 6 
Data Book E.E. 22. 
FEI7/A Asynchronous 50 3 50 3000 | 30 9 
FEI8/C Asynchronous 230 | 50 2950 | 11.5 10 


























EVERSHED AND VIGNOLES LIMITED 
ACTON LANE WORKS - CHISWICK - LONDON - W.4 
Telephone: Chiswick 3670 Telegrams: Megger, Chisk, London Cables: Megger, London 
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:development and application of electronic 
: to meet the needs of industry BTH have 
ed considerable success. Products include :— 
trol variable speed motor control equipments, 
ulators, Marine Radar, High-frequency 
lectric and induction types), Resistance 
hoto-electric Relays, Process Timers, & 

(cine) Projectors: Magnetrons, Thyra- 


gnitrons, and Rectifiers of all types including 


ted cells, Mass Spectrometers, & Test Equipments 
- for industrial processes, etc. etc. The unrivalled 
manufacturing resources of BTH backed by signifi- 
cant contributions from its Research Laboratory 
over a pioneering period of thirty years, are 
available to progressive Management in any 


industry wishing to improve product and output. 


THE 


BRITISH THOMSON-HOUSTON 








COMPANY LIMITED, RUGBY, ENGLAND aaie2 


Crystals, Spark Gaps, etc. Photo-conductive infra- 


13 
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The Metrovick 
Stabilised D.C. Power Unit 


N laboratories and meter testing 

stations there is often a demand 
for a highly stable d.c. voltage supply. 
The Power Unit, Type 222, has been 
produced to satisfy this demand. 





























SPECIFICATION 

Supply : 2oo/250V, A.C., so c/s., 
single-phase. 

Output : Between 660 and 680 volts 
D.C. (fixed) at up to 250 mA. 
Stability: © Maximum drift over 10 min-4 

parts in 100,000. 
Maximum drift over 1 hr-1°5. 

parts in 10,000. 
These figures apply for mains 
input changes not exceeding 
+ 5% after warming up 
period of two hours. 

Output Impedance: Better than 0-1 ohm. 
Output Ripple: Approximately 2mV r.m.s. 


Stabilised D.C. Power 
Unit, complete with 
Voltage Divider Type 292 








Y 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 


TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.I. group of companies 
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QUARTZ CRYSTAL 








ACTIVITY TEST SET 


UNSURPASSED AS A SIMPLE & ACCURATE INSTRUMENT 
FOR THE MEASUREMENT OF CRYSTAL PERFORMANCE 





The G.E.C. Quartz Crystal Activity Test Set measures the equivalent parallel 
resistance of a quartz crystal when oscillating in a circuit having an input capacity 
of either 20 pF, 30 pF or 50 pF, the alternative capacities being selected by a 
switch. 


The dial is calibrated and has a range of 4 kilohms to 130 kilohms and is direct 
reading. No calculation is necessary. Measurements can be made at any con- 
venient amplitude of oscillation up to 10V. R.M.S. at the crystal terminals for 
crystals of normal activity. 


The accuracy of the loss dial calibration is + 2%. 


WRITE FOR DESCRIPTIVE LEAFLET— 


SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS : SILK STREET ; SALFORD - LANCS. 
Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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COSSOR crnounce 


















The Television Alignment and Pattern Generator 
is an inexpensive instrument designed by Cossor to 
provide a simple, efficient and much needed aid to tele- 
vision receiver alignment. The tuning sweep of the 
alignment oscillator is achieved by frequency modulation 
of its carrier which can be set to any frequency between 
7 and 70 mc/s. A response curve of 7 mc/s. bandwidth 
is presented on the tube of any standard oscillograph, the 
time base voltage providing the frequency modulation. 
The instrument also incorporates a Pattern Generator 
which enables frame and line Time Base linearity checks 
to be carried out in the absence of Television trans- 


mission. Compact, easily portable—weight under 14 Ibs. 


* Write for fully descriptive leaflet to:— 


Tele-Ci Aech 






A. C. GOSSOR LTD., INSTRUMENT DIVISION, GOSSOR HOUSE, HIGHBURY, LONDON, N.5. 








THE FIRST 
ENTIRELY ELECTRONIC 
INSTRUMENT FOR 
TELEVISION ALIGNMENT 
AND LINEARITY GHEGKS 


COSSOR 
























LIST 
PRICE 
%* Carrier frequency 7-70 


mc/s. (on fundamental). £21 


Continuously variable. 






% Frequency modulation up to 7 mcs. 
bandwidth. 


% Square Wave Modulation for linearity 
check of Time Bases. Frequency 400 
c.p.s. (Horizontal); 80 Kc/s. (Vertical). 


* Maximum output 50 mV. Minimum 25 
microvolts. Standard 80 ohm output 
impedance. 


C.L 26 
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The wide range of blowers for force-cooling of 
valves and maintenance of desired temperature 
levels in electronic and general electrical appar- 
atus is typical of the progress maintained by 

The illustration shows the smallest of 
the blowers (4” Axial Flow type and 24” Centri- 
fugal type), but our range covers duties from 
5 c.f.m. up to many thousands of c.f.m. at pres- 
sures up to 45 or more inches w.g. These blowers 
are used in MARINE & AERODROME RADAR 
INSTALLATIONS, AIRCRAFT AUTOMATIC 
PILOTS, COMMUNICATION AND BROAD- 





CASTING STATIONS, R.F. HEATING Complete 
EQUIPMENT, Etc. Let us know your ca 


application—we shall be pleased to put 
forward our proposals. 


AIR CONTROL INSTALLATIONS LTD. 
Manchester RUISLIP, MIDDX. Glasgow 


Telephone : Ruislip 4066 (8 lines) Telegrams : Controlair, Ruislip 




















Here are some details of 
Model 1049 as illustrated: 


The Double Beam Tube presents 
two simultaneous independent 
traces over the full diameter of a 
90 mm. screen, and provision is 
made for the measurement of 
both input voltage and time upon 
the calibrated dials of the instru- 
ment. The specification also 
includes facilities for Time Mark- 
ing. The Oscillograph is particu- 
larly suited for the investigation 
of very low frequency phenomena 
and high-speed transients where 
writing speeds of 45 Km/sec. are 
attainable, using the Cossor 
Model 1428 Camera for which a 
Motor Drive Attachment Model 
1429 is available. 


COSSOR 


Please address enquiries to: 


A. C. COSSOR LTD., INSTRUMENT DIVISION (Dept.B ), HIGHBURY GROVE, LONDON, N.5. 





THE COSSOR DOUBLE BEAM OSCILLOGRAPHS 
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Can this 










Instrument 
solve a 
problem 


for you ? 


Widely different industries are daily finding new uses for 
the COSSOR Double Beam Oscillograph. Sometimes it 
provides the answer to an industrial problem of long 
standing. The tracing and measurement of noise, strain 
and vibration are typical everyday applications of this 
versatile instrument which is already helping engineers in 
industries as far apart as brewing and the manufacture of 
jet engines. Call on our technical advisory staff if you have 
a problem. They will quickly let you know whether the 


Oscillograph can help you. 


Double Beam OSCILLOGRAPHS 


Telephone: CANonbury 1234 (30 lines) Ci.21 
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MANUFACTURERS OF A WIDE RANGE OF ELECTRONIC 

PRODUCTS INCLUDING WIRE RECORDERS, BUSINESS 

DICTATING MACHINES AND FLUORESCENT 
LIGHTING, ETC. 


ATELIERS DE CONSTRUCTIONS ELECTRIQUES DE CHARLEROI 


(BELGIUM) 56, VICTORIA ST., LONDON, S.W.I | 























VALVES Bisa 
PURPOSES 


For 
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\, CONTROL IN STABILISED POWER PACKS 





RATING 
Approx. Fil. Voltage (volts) 4.0 
Approx. Fil. Current (amps) 0.8 
Maximum Anode Current 
(mA) 
Maximum Anode Voltage 
(volts) 


DIMENSIONS: 
Maximum Overall Length 
(mm) 
Maximum Diameter (mm) 32 
Maximum Seated Height (mm) 67 


29Ci HIGH VACUUM CONTROL DIODE 


The 29C1 is a directly heated tungsten filament control diode suitable 
for use as the controlling element in stabiliser circuits. 










TYPICAL OPERATION 

Saturated Anode Current 
(mA) 

Minimum Anode Voltage 
(volts) 


Approx. Fil. Voltage (volts) 4.0 
Approx. Fil. Current (amps) 0.8 


BASE: 1.0.8 


LIST PRICE: 
£1.15.0 (Provisional) 











power packs. 
RATING: 


12El BEAM TETRODE 


The 12E1 is intended for use as a series or shunt control valve in stabilised 


Maximum Cathode Current 












Maximum Control Grid Voltage 

(volts) —1 
Maximum Voltage between gi 

and ge (volts) 400 
Mutual Conductance (mA/V) = _14t 
Maximum Anode _ Dissipation 

(watts) 35 
Maximum Screen Dissipation 
(watts) 


Heater Voltage (volts) 6.3 (mA) 300 
Heater Current (amps) 1.66 Maximum Potential Heater/ 

Maximum Anode Voltage (volts) 800 Cathode (volts D.C.) 300* 
Maximum Screen Voltage (volts) 300 {Taken at’ Va=Ve2=150 volts; 


Ig=200 mA 

*Provided the cathode is positive 
BASE: I.0.8 
LIST PRICE: £2.10.0 (Provisional) 
DIMENSIONS : 
Maximum overall length(mm) 150 
Maximum diameter (mm) 54 
Maximum seated height (mm) 136 






THE EDISON SWAN ELECTRIC CO. LTD., 

















DU SWANN 


MAZDA 
RADIO VALVES AND CATHODE RAY TUBES 


155 CHARING CROSS ROAD, LONDON, W.C.2 
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HIGH | 
QUALITY 
REPRODUCTION 


“FIFTY and THIRTY WATT” CINEMA AMPLIFIERS 


as illustrated for single or double P.E.C. input with 
separate adjustable bias. Full range of tone controls to 
suit all needs with built-in Exciter Supply if required. 


PRICES range from 34} gns. to 42} gns. 








TYPE C.P. 20A AMPLIFIER 


For AC Mains and 12 volt working giving 15 watts output, 
‘has switch change-over from AC to DC and “‘ Stand-by ”’ 
positions. Consumes only 54 amperes from 12 volt battery. 
Fitted with mu-metal shielded microphone transformer for 
15 ohm microphone, provision for crystal or moving iron 
pick-up with tone control for bass and top. Outputs for 
7.5 and 15 ohms. Complete in steel case with valves. 





PRICE £28.0.0. 
) FOUR-WAY ELECTRONIC MIXER 
7 This unit has 4 built-in balanced and screened microphone 

transformers, normally of 50-30 ohms impedance. It has 


5 valves and selenium rectifier supplied by its own built- 
in screened power pack, consumption 20 watts. Suitable 
for recording and dubbing, or large P.A. Installations 
since it will drive up to six of our 50 watts amplifiers 
whose base dimensions it matches. The standard model has an output impedance of 
20,000 ohms or less, and any impedance can be supplied to order. PRICE £24.0.0. 





OTHER MODELS IN OUR RANGE OF AMPLIFIERS 


‘**SUPER-FIFTY WATT” ------ - PRICE 363 gns. 
“THIRTY WATT” -+------- » 30} gns. 
“10-15 WATT RECORD REPRODUCER”’. ,, 254 gns. 


These are fitted in well ventilated steel cases with recessed 
controls, as illustrated 


Full details upon request 
EXPORT ENQUIRIES INVITED 





VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19. 
2 Telephones: LIB 2814 and 6242-3 Telegrams : ‘‘ Vortexion Wimble, London ”’ 

















ELECTRONIC & RADIO 


APPLICATIONS 


For more than 50 years the name Cutler- 
Hammer has stood for all that is best in switch 
design. Now C-H switches are being made in 
Britain in a wide range of 3, 6 and 10 amp. 
types operated by lever, plunger, slider or 
trigger mechanisms. To be sure of long 
dependable service for your product with 
complete freedom from all switch troubles, 


it is in your interests to 


Cutler- 
yp: ~~ 
== APPLIANCE SWITCHES = 


ce 


standardise on 
Hammer. 








—s 




















"THE SWITCH PEOPLE” 


BRITISH N.S.F. CO. LTD. - KEIGHLEY - YORKS~ 


Phone : Keighley 4221/5. Grams : ENESEF, Keighley. LONDON OFFICE : 9 Stratford Place, W.I. Phone : Mayfair 4234 


Electronic Engineering 


Recipe for Reliability 


Take 


add 













16 gms. of moulding powder ; Igm. of S.R.B.P. 
sheet ; 14 gms. of brass bar ; 3 gms. of brass 
strip ; 5 gms. of steel strip ; 4 gms. of copper 
Strip ; 


Silver alloy, aluminium wire and steel wire as 
required. 


plus 50 years of experience, 


and the result is — 











Licensees of Igranic Electric Co. Ltd. for the above produets of Cutler-Hammerl nc. Milwaukee, U.S.A. 
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® Low price. 
@ Small size and light 


® Simple mounting. 


@ Instant starting. 


The new range of 


SenTerCel miniature H.T. selenium rectifiers 
have these unique features : 


weight. 


® Outlast life of equipment. 


®@ Low heat dissipation. 


No limit to size of reservoir capacitor. 





Withstands overloads such as charging 
current of deformed electrolytic condensers. 

















Ratings 

TYPE RM1__ if RM2 RM3 
Maximum ambient temperature...) 35°C )55°C| 35°C 55°C; 35°C 155°C 
Maximum output current (mean) ...}60mA/30 mA/100 ma (60 mAj 120 mAL90 mA 
Maximum input voltage (r.m.s.)_ ...| 125 volts 125 volts 125 volts 
Maximum peak inverse voltage 350 volts 350 volts 350 volts 
Maximum instantaneous peak current} Unlimited Unlimited Unlimited 
TIE oss: 500° 60k aah nese) bas 1 oz. 1.4 oz. 2 oz. 









SELENIUM 


RECTIFIERS 


*6Gisrenco react MARY 









RECTIFIER DIVISION, Warwick Road, Boreham Wood, Herts. 


For larger outputs, an assembly of two recti- 
fiers mounted on one bracket is available. 
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SELENIUM 






















RM3 2° 


RMI 1-625 
RM2 2° aa 


= 























| 





| 
| 





"0149" 


RMI 1-375" 
l-—— RM2 1-75' 


RM3 1°75" 


Maximum Output Current 
(at 35° C) 


Maximum Input Voltage 


(r.m.s.) 


Maximum instantaneous 
Peak Current-unlimited 


Srandard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
Telephone: Elstree 2401. 


a RMI RM2 
‘ 60 LJ 100 99 RM3 
20-5 tS ww 
AY ~~ 
Y Ne 
et mA 
100 a 
0 200 





0875 






































+0-062" | 





Telegrams: Sentercel Borehamwood. 










Electronic Engineering November, 1950 | N 






























_JTIME CHANGES... 


. accurately measured 


Se oat em Sa 





Ce oo ae ae eee ee a 2 
“sr a we oo lf ol 


The ‘ CINTEL’ Microsecond Counter 


Chronometer 

Will measure very short time intervals in the range 
1 Microsecond to 1 Second with an accuracy of +1yS, 
+0.005% and 10 Microseconds to 10 seconds with an 
accuracy of +10uS, +0.005%. 

The instrument has many other applications apart from 
Time measurement including Random Counting, Frequency 
Measurement, Frequency Division etc. 

For further particulars please write for Leaflet No. MCC1/1. 
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CINEMA - TELEVISION LIMITED 


A Company within the J. Arthur Rank Organisation 
FOREMOST IN THE MANUFACTURE OF 


@ Counters & Chronometer, @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Celis @ Cathode Ray Tubes e@ Geiger-Muller Tubes @ Electronic Instruments 


WORSLEY BRIDGE ROAD: LONDON :S:E:-26 
= Telephone: HiTher Green 4600 won, 
Northern Agents: Scottish Agents: —S (gud 


F. C. ROBINSON & PARTNERS LTG ATKINS; ROBERTSON & WHITEFORD LTD. 
287 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, S$.2 
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A particularly useful Instrument 
: for 
| TELEVISION WORK... 


ee ee eee 


A Signal Generator of 
wide range and accuracy of 
performance, designed for use 
in the laboratory or by the 
service engineer. Turret coil 
switching provides six fre- 
quency bands covering 50 Ks/c. RANGE 


to 80 Mc/s :— Z 
—)- CYC CL 
50 Ke/s-150 Ke/s 1.5 Mc/s-5.5 Mc/s ow of we rat 
150 Ke/s-500 Ke/s 5.5 Mc/s-20 Mc/s ( [ N I; I A | i) I 


500 Kc/s-1.5 Mc/s 20 Mc/s-80 M/cs 


J 


Note these Attractive Features: 


Stray field less than luV per metre at a distance of | metre 
from instrument. General level of harmonic content 
of order of | per cent. 


Direct calibration upon fundamental frequencies through- 
out range, accuracy being better than | per cent. of scale 
reading. 


45 inches of directly calibrated frequency scales with 
unique illuminated band selection giving particularly good 
discrimination when tuning television ‘“* staggered” 
circuits. 





Of pleasing external appearance with robust internal 
mechanical construction using cast aluminium screening, 
careful attention having been devoted to layout of com- 
ponents with subsidiary screening to reduce the minimum 
signal to negligible level even at 80 Mc/s. 











Four continuously attenuated ranges using well designed 
double attenuator system. 











Force output 0.5 volts. 





Internal modulation at 400 c/s., modulation depth 30 
per cent., with variable L.F. signal available for external 


use. 
Mains input 100-130V. and 200-260V., 50-60c/s. A.C. = oe 
~ 
25 
Battery Model available having same general 
specification and covering 60 Kc/s—70 Mc/s., 
powered by easily obtainable batteries. Battery Model 


Fully descriptive pamphlet available on application. 


Sole Proprietors and Manufacturers : 


“Ton a 





She AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LTD. 
WINDER HOUSE+ DOUGLAS STREET» LONDON*S.W.1 Ze/ephone: V/CTORIA 3404/9 





MARK 


S.G. | 



















DUNSTABLE 
oie rR 


RADOME for * LINCOLN ’’ AIRCRAFT—OVERALL DIMENSIONS : 9’ 6” x 6’ 6” x 3’ 3” 


@ and NOW..... FIBRE-GLASS! 


Telephone : DUNSTABLE 686/7/8 and 777 


Having produced with complete success, the largest and most com- 
plicated components for the Aircraft Industry in ‘‘ Perspex,’’ as 
illustrated above, we are keeping abreast with progress and maintaining 
a service to industry with our new Fibre-Glass Department. 

We are now producing radomes, panels, bulkheads, windows, etc., in 
laminated sheet, sandwich and honeycomb construction . . . the ex- 
ceptional strength and electrical properties of these components are 
invaluable to the Aircraft Industry. 

Our knowledge, technical advice and service are at your disposal at 
all times—do not hesitate to consult us. Enquiries for heme and export 
are welcomed. 


THERMO-PLASTICS LTD. 


DUNSTABLE - BEDS. 


MOULDERS AND FABRICATORS OF ALL PLASTIC MATERIALS 
ROR ROS RPE, ROVE EEE LS 
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Telegrams : THERMOPLASTICS, DUNSTABLE 
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BRITISH 
NORFOLK HOUSE, 











tailor-made 


flexible cables 
for electronic 
equipment 


If you need special multi-unit low-loss 
cables for electronic equipment—let us design 
and manufacture them to your requirements. 
They may include coaxial, twin, quad and small 
power or control cores in any combination. 


BICC can offer you specialised pro- 
duction facilities for this work, as well as the 
services of skilled engineers who have tailor- 
made low-loss cables for all current requirements. 


Why not take advantage of this oppor- 
tunity? Write to-day and let us assist you 
with your problems. 


Cables on right are examples which 
have been designed and manufactured by BICC 
to meet specialised needs. 
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Polythene-insulated 
P.V.C. sheathed multi- 
core cable with micro- 
phone and control 
cores for film studio 
use. 


Multicore polythene- 
insulated and sheathed 
television camera 
cable. Overall dia- 
meter 0.5 inches. 


P.V.C. sheathed multi- 
core polythene-insu- 
lated flexible television 
camera cable. Overall 
diameter 0.8 inches. 


multi-unit 


Cs 


NORFOLK 





INSULATED CALLENDER’S 
STREET, 


LOW-LOSS CABLES 


CABLES 
LONDON, 
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Standard introduce 
Thermal delay switch type Vis 63! 
















The ‘* Standard” VLS 631 has been designed to 
meet the need for a small and reliable thermal delay switch. 

The switch consists of a pair of bi-metallic contact strips 
operated by a 6.3 volt 0.5 amp heater. The whole assembly 
is sealed in a nitrogen filled bulb mounted on a miniature 7 pin 
(B7G base). Because of its small size and easy operation the 
VLS 631 is particularly useful for delaying the application of H.T. 
voltage to circuits using valves requiring a warming up period. 


THERMAL DELAY SWITCH, TYPE VLS 631 


Ratings Heater Fl iyee ine. en) darecee NSA 
Nominal Delay at 20°C. sh a 50-60 seconds 
Max. o/c voltage between contacts s 220 V D.C. 
Max. Surge current on make : Po LOA 
Max. current on break mt ‘ a 100 mA at 50 V. D.C. 
Dimensions Max. overall length es a .. ~6 54mm 
Max. seated height ... ee se és 48 mm 
Max: bulb diamete& ... : be san 19.1 mm 


Base... Sok Ae ie i ns B7G 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 


RADIO DIVISION: Oakleigh ROAD New Southgate * London N.I| ~*~ England 





















itch. 


nbly 
7 pin 
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The B.B.C.’s Annual Report 


GNORING the sociological and the many contro- 

versial issues contained therein, the B.B.C.’s annual 
report*® which has just been published, should have 
considerable appeal to all those engaged profes- 
sionally in the radio and television industry. 

It is a document of some 90 pages covering all 
aspects: broadcasting, television, engineering, 
administration and finance involved in the working 
of a corporation which serves 11,898,400 sound and 
345,000 television licence holders. 

The emphasis in the B.B.C.’s report is, unquestion- 
ably, on television—there was nearly a three-fold 
growth in the number of television licence holders 
during the year ending March 31, 1950—and the 
plan for the development of television is here un- 
folded. Approved by the Government and_first 
announced by the Postmaster-General in the House 
of Commons on November 9, 1949, the scheme pro- 
vides for five high-power and five low-power televi- 
sion transmitters to be completed by the end of 1954 
to bring 80 per cent of the population of the United 
Kingdom within reach of television. 

Along with the development of transmitters is the 
plan for the 13-acre site at White City for a perma- 
nent building for the television headquarters and 
studios, but limitation of capital expenditure make it 
impossible to say when the plan will even be started. 

It is realized that in giving this high priority to 
television development some curtailment is inevitable 





* Annual Report and Accounts of the British Broadcasting Corporation 
for the year 1949-50 (Cmd 8044 H.M.S.O. Price 3s.). 


in other directions, and, one of these directions is, 
unfortunately, the v.H.F. Station at Wrotham, 
Kent. To quote from the report itself ‘‘ The B.B.C. 
attaches great importance to the future of v.H.F. 
Broadcasting as a means of eventually overcoming 
the difficulties arising out of the shortage of long and 
medium wavelengths for broadcasting ”’ and it is 
apparent that in order to give adequate coverage in 
this country resort will have to be made to the 
shorter wavelengths. 

The station at Wrotham is complete and contains 
amplitude-modulated and frequency-modulated trans- 
mitters so that a direct comparison can be made 
between the two systems and the ‘‘ AM versus FM ”’ 
question settled, at least as far as broadcasting is 
concerned. 

We understand that full-scale field trials are 
shortly to be started from Wrotham, but the 
B.B.C. is, however, most anxious not to commit 
itself to maintaining a regular programme schedule 
at the onset, nor indeed is this likely until the tele- 
vision programme is completed. While those out of 
range of Alexandra Palace and Sutton Coldfield still 
await the coming of television listeners in the Home 
Counties cannot expect this additional service in the 
way of high fidelity transmissions. 

There is no doubt whatsoever about the marked 
improvement in quality of the present v.H.F. trans- 
missions. Whether these will be a.m. or F.m. depends 
on a number of factors, apart from considerations 
of quality. 





Developments in 
Small Chokes and 


Power Transformers 


EFORE 1938, small power transformers used in 

ships’ wireless equipment were normally of the 
open type of construction and were designed to 
withstand very heavy overloads. The insulation 
that was specified had a very big margin of safety, 
and the transformers, although somewhat large and 
heavy, gave reliable service and had a long life. 

With the introduction of radar and more compli- 
cated wireless equipment the demand for trans- 
formers having a smaller physical size for the same 
electrical characteristics became insistent, and they 
were required in very large numbers to meet 
the wartime demand. This demand was met by 
providing transformers designed and manufactured 
to the commercial standards that then prevailed in 
industry. Their size was smaller than the original 
type used in Naval Service, this reduction being 
achieved by reducing, to some extent, the margin 
of safety and also by adopting core-clamping frames 
of lighter and less bulky construction. Generally 
speaking, these transformers were unreliable, but as 
at the time radar was an adjunct to, rather than 
an integral part of, the fighting equipment of ships, 
this unreliability was accepted as a matter of course 
and little adverse comment reached the designers 
to spur them on to producing better and more 
reliable transformers. 

By 1944 equipments were envisaged where the 
radar played a far more important rdéle in the 
efficiency of the fighting equipment of ships than 
had been the case before, and an investigation was 





* Compiled from data kindly supplied by the Admiralty 
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Four Transformers all having the same elec- 
trical characteristics. 

Reading from left to right: 1936 design; 1940 
design; 1946 design—fabricated case, oil filled; 


1949 design—‘C’ core, deep drawn case, 





oil filled. 


made into the causes of unreliability of the existing 
transformers. This investigation proved to be 
difficult, but the main causes of trouble were tracked 
down to:— 


Solvent.—During the baking of an_ ordinary 
varnish-impregnated coil, solvent is driven off, some 
of this being trapped in the windings. This solvent 
will attack the insulation and eventually cause 
breakdown. 

Moisture——The penetration of moisture into a 
winding reduces the insulation resistance and results 
in premature failure. 

Non-homogeneous¥Insulants. —Where adjacent layers 
of insulation comprise materials of widely different 
dielectric constants, this causes a non-uniform dié- 
tribution of the voltage stress in the insulation, and 
eventually causes breakdown. 


In 1945 the Admiralty introduced a new process 
of wax impregnation followed by a bitumen coating. 
This process produced an immediate improvement 
in reliability, but had a number of disadvantages. 
The process was expensive, and difficult to use 
because noxious materials were involved. Also the 
bitumen coating was liable to be damaged and so 
allow the ingress of moisture. 

At the same time investigations were started with 
a solvent-less varnish. This varnish has now been 
used in some experimental transformers which have 
been in continuous use since 1945 and no deteriora- 
tion has yet been detected. It is therefore considered 
that this varnish is satisfactory and it has now been 
adopted as a standard impregnant. It cannot, how- 
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ever, be considered as ideal 
as it is expensive and needs 
very careful processing to 
produce reliable results. 
This is particularly impor- 
tant as it has not yet been 
possible to devise a_ test 
that will detect an un- 
reliable transformer directly 
after it has been impreg- 
nated. It does, however, 
appear that, if very careful 
quality control is used at 
all stages of processing, 
satisfactory results can be 
achieved. 


Hermetically Sealed 
Transformers. 


It has been realized for 
a long time that one solu- 
tion to the problem of pro- 
ducing a_ small reliable 
transformer was to house 
the core and winding in a 
hermetically sealed case 
filled with oil or other in- 
sulating material. Experi- 
mental work in this field 
was carried out by several 
service establishments and 
also in the commercial research laboratories. 

In 1946 the Admiralty placed the first large pro- 
duction contract for hermetically sealed transformers 
for service use. 

Many difficulties were encountered. The metal 
cases were fabricated and it proved very difficult to 
make them leak-proof; also, being rectangular in 
shape, they were very liable to damage at the 
corners, a knock being sufficient to split a seam and 
cause leakage. The electrical connexions had to be 
brought out through glass or ceramic terminal seals 
which were fragile and proved to be a continual 
source of trouble. 

Transformers of this type are extremely reliable 
from the electrical point of view, but are usually too 
fragile for general service use, besides being bigger 
and heavier than the original open type, because 
of the extra bulk and weight of the case and its oil 
filling. 


BOTTOM COVER 


Hermetically Sealed ‘‘ C ’? Core Transformer 


The next big advance came in 1949 with the 
advent of the hermetically sealed ‘‘C’’ core trans- 
formers. This advance was made possible by the 
simultaneous availability of three new develop- 
ments :— 

(a) Terminal seals made of fused aluminium oxide. 

(b) ‘‘C’’ type transformer cores. 


(c) Deep-drawn two-piece metal cases. 


These developments are described more fully 
below :— 


(a) Fused aluminium oxide is a material of the 
synthetic ruby type, nearly as hard as diamond and 
possessing very good electrical insulation properties 
combined with mechanical properties far superior 
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Exploded view of 
typical choke 


assembly ... 


CORE & COIL 


INSULATOR 


The core and coil assembly is of 


the conventional ‘‘ shell-type’’ 


utilizing two single-loop ‘ C’ Cores 


to those of glass or ceramic. It is moulded like 
clay into the required shape and then fired. The 
resulting substance can be ground, when accurate 
dimensions are required, and glazed to give it a 
smooth surface. The usual technique is to provide 
a slight taper on the insulator to accommodate a 
flanged collar which is pressed on. The inside of 
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the collar is tinned to make a layer of soft metal 
which will make a very intimate contact with the 
insulator and prevent any possibility of leakage. 
The lead through the centre of the insulator is sealed 
in with glass of the ‘‘Pyrex’”’ type. The design of 
these insulators was sponsored by the Admiralty and 
the product has proved to be extremely robust and 
satisfactory. 

(b) High efficiency ‘‘C’’ cores were originally made 
in the U.S.A., but are now being produced in bulk 
in this country. They are made from a low silicon 
content grain-orientated iron, produced in the form 
of flat strip insulated on both sides. The strip is 
rolled in such a way that the individual crystals are 
aligned with their cube edges parallel to one another, 
so that, provided the strip is fluxed in the direction 
of rolling, extremely good magnetic properties are 
obtained. The strip may be slit to any desired 
width, and may be wound tape-like on to a mandrel, 
the number of turns depending on the size of core 
required. The core is impregnated with a bonding 
material to hold the turns together, and then cut in 
two. The resultant pieces are shaped like the letter 
C and it is from this that the name is derived. The 
two halves are always kept together as a pair, in 
order to ensure that when re-assembled the butt sur- 
faces will make as perfect a contact as possible. 
Either two or four C’s can be used for each trans- 
former. It has been found that it is best to use four 
C’s forming a core of the shell type for normal sizes 
of transformer and two, which will form only a single 
loop, for the smaller ones. 


Advantages of the “‘C’’ core when compared with 
orthodox silicon iron stampings include :— 

(i) A reduction of as much as 75 per cent in the 
magnetizing VA required to produce a given 
flux density. 

(ii) A reduction of as much as 45 per cent in the 
iron losses at a given flux density. 

(iii) An increase of as much as 30 per cent in the 
permissible flux density. 

(iv) Improved incremental permeability, which is 
of value in power chokes and audio-frequency 
transformers. 


(v) Reduced flux leakage due to concentration of 
the magnetic field. 

(vi) Improved space factor of up to 95 per cent 
due to the thin coating of insulation. 


(vii) Reduced time for assembly of core and coil. 


In practice these advantages mean that it is 
possible to design ‘‘C’’ core transformers and chokes 
that are as much as 40 per cent smaller than their 
counterparts using orthodox laminations. In order 
to cater for the many different applications of ‘‘C’’ 
cores they are being produced in 32 different sizes, 
each available in three thicknesses of strip, as 
follows:— | 


(i) 0.013 in. for power transformers operating at 
50 c/s. and 60 c/s. also for vibrator trans- 
formers and chokes. 

(ii) 0.005 in. for power transformers operating at 
400 c/s. and above. 

(iii) 0.002 in. for pulse transformers. 
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(c) Experience had shown that the early type of 
fabricated case was unreliable in service and there- 
fore work on an entirely new series of cases was 
started by the Admiralty early in 1949. By May 
of that year contracts had been placed with industry 
for the development of these designs on a production 
basis. Advantage was taken of the commercial 
experience already gained in the use of cylindrical 
deep-drawn cases for orthodox laminations. These 
had been highly satisfactory in performance, but 
had occupied excessive chassis space due to their 
circular plan. It was therefore decided to combine 
the advantages of deep-drawn cases with a shape 
following the core contour more closely. The con- 
tour which was finally adopted gives the minimum 
plan area consistent with the high degree of strength 
required. The material chosen for the cases was 
steel, which provides a magnetic screen around the 
core. High permeability nickel-iron alloy is used, 





Illustration showing construction of typical 
*C’ Core Transformer 


however, where a higher degree of screening is 
required. These cases have an important advantage 
over the fabricated types, in that the solder seam 
is reduced in length by about two-thirds with a cor- 
responding reduction in the risk of oil leakage. 


Furthermore, where extremes of temperature are 
experienced, the pressure inside a transformer case 
will vary, and if a fabricated case is employed, each 
side will act as a diaphragm and will be flexed 
accordingly. Thus the solder holding the sides in 
position will also be subjected to continual flexing. 
Over a period of time this can cause the solder to 
become crystalline which, in turn, will result in split 
seams and oil leakage. However, with the deep- 
drawn case the one seam required is located round 
the girth of the transformer so that whatever flex- 
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ing of the case may occur there is no relative move- 
ment between the two joint faces. 


On account of the high cost of each set of tools 
required to draw the cases the number of tools was 
limited to 12, but by allowing for different depths 
of draw, 32 different sizes of case are available. 


A range of internal clamping frames has been 
designed which hold the cores securely under the 
worst conditions of shock and vibration that are 
likely to be met in practice. Here again, deep- 
drawn pressings have been used in preference to the 
conventional folded construction. 


In building up a “C” core hermetically-sealed 
transformer, the requisite number of insulators with 
tails attached are soldered into position in the top 
half of the case. The upper framework is secured 
by hank bushes to the case, and the coil and core 
assembly is then clamped to this framework. The 
tails from the insulators are then connected to cor- 
responding terminal tags on the face of the coil. 
The bottom half of the case is then fitted to the 


assembly and secured by means of further hank | 


bushes inserted from the outside. The lap-joint is 
then soldered and the case filled with oil, an air 
bubble being left to allow for expansion. 


By using the hank bushes at either end, the trans- 
former may be secured to the chassis in either an 
upright or inverted position. This arrangement 
ensures that the weight of the coil and core assembly 
is transmitted directly to the chassis and not through 
the case. The strain imposed on the case is thus 
reduced to negligible proportions. 


E 
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Extensive tests on this type of transformer have 
been satisfactorily completed as follows :— 


(i) Type-approval tests to Inter-Service Specifi- 
cation RCS.214. 


(ii) Each size of case has been tested hydraulically 
to withstand a pressure of 100 lb. per square 
inch. 


(iii) A number of transformers have been tested 
to destruction by imposing overloads of up 
to 400 per cent on all secondary windings. 
Other tests, in order to obtain a hot spot, 
have been made by a dead short circuit on 
one secondary winding only. Results of these 
tests show that often a temperature is reached 
which remains steady and, provided this is 
below 200° C., the only result has been a 


slight bulging of the container top and 
bottom, the transformer itself being un- 
damaged. Where the temperature has 


exceeded 200° C. the solder at the seam has 
melted sufficiently to release excess pressure, 
and in some instances a small quantity of 
filling material has seeped out; this was 
insufficient to cause material damage to 
surrounding components. Had similar over- 
loads been applied to open type transformers 
the risk of fire could not have been excluded. 


ig Standardization 


In view of the rigorous tests imposed it 1s not 
surprising that these transformers are the first and 
only type to qualify as fully Inter-Service Type- 
Approved Standards. Although the design of this 
range is Admiralty property, it may be used freely 
for commercial purposes by any manufacturer who 
so desires. Where firms do not wish to tool the 
range for themselves, they can obtain supplies of 
cases, internal fittings, etc., through commercial 
sources. More than twelve firms have already taken 
advantage of this arrangement, and, as their pro- 
duction increases, so a greater flow of these stan- 
dardized transformers and chokes will reach the 
home and export markets. 


A single-loop ‘C’ core, and a typical open-type ‘C’ Core 

Transformer for applications where a performance 

slightly below that of the hermetically-sealed type 
can be accepted 
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By EDWARD T. EMMS, B.Sc., A.R.C.S. and EMLYN JONES, B.Sc., A.M.I.E.E. 


(Mullard Electronic Research Laboratories) 


Part Il 


The Anode Bend Demodulator Video Output Stage 


4 HE use of a separate demodulator may be avoided 
by employing the video valve as an anode bend 
demodulator. The advantages which might be claimed 
for this are as follows :— 


(i) a valve structure (the vision demodulator) is 
saved, 


(ii) the damping on the last R.F. (or 1.F.) circuit 
may be reduced, 


(iii) the use of an anode bend detector results in a 
higher gamma for the receiver. 


Advantage (i) may not necessarily be realized, since 
the gain of an anode bend demodulator video stage 
is not high, so that with certain receivers an extra 
R.F. (or I.F.) stage may be necessary. Advantage (ii) 
may not necessarily be realized if the anode-grid 
capacitance of the valve is high in value since the 
effective input conductance and capacitance may be 
increased. This point will be dealt with subsequently. 
Advantage (iii), although possibly desirable from the 
point of view of its effect on the picture quality 
(although this is open to doubt), may be a disadvan- 
tage in circuits where the synchronizing pulse ampli- 
tude required is greater than 8-4 volts peak. 

In connexion with the effect of the video valve on 
the overall receiving system gamma, the majority of 
picture tubes have a gamma of 2.5-3.0. This gamma 
combined with a transmitted gamma of 0.4 from the 
Emitron (or from the C.P.S. camera with gamma 
degradation) results in an overall system gamma 
(televised scene to receiver picture) of unity or 
sligatly greater than unity. An overall system 
gamma slightly greater than unity is desirable since 
the receiver picture is black and white, and so the 
loss of apparent contrast due to the abs€nce of colour 
contrast is somewhat restored. 

However, an overall system gamma very much 
greater than unity (say greater than 1.5) results in 
accentuation of the highlights and cramping of the 
blacks (and incidentally the synchronizing pulses). 
Although this may result in obtaining acceptable pic- 
tures when the televised scene is badly lighted (such 
as an O.B. on a dull day) in general, for well lighted 
televised scenes the results may be unacceptable. 

Thus care must be taken in incorporating in any 
part of the receiver a stage which might increase the 
overall gamma of the system to greater than 1.4 if 
acceptable pictures are to be obtained. 

From the point of view of an analysis of operation, 
it is convenient to distinguish two modes in which the 
system may perform. Mode I is distinguished by the 
steady bias being at, or in the region of cut-off, while 
Mode II is distinguished by operating the valve with 
a standing anode current, so that the anode current 
is never cut off even on signals corresponding to peak 
white. These two modes are demonstrated in Fig. 5a. 





Mode |! 


We shall assume the I./V. characteristic to be 
approximated by the law 
i seuranirs soipasnancla 
where V; is measured from cut-off. 
Then if an R.F. (or 1.F.) signal A sin“t is supplied 
to the grid of the valve, the mean signal current out- 
put is given by 


7 
I. = karan f sin"“t d(t) 
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Fig. 5 (a) 
Operating modes for the anode bend demodulator video output 
stage 
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The function ¥ is plotted in Fig. 5b against n. It 
will be observed that the video current output for the 
same input swing is greatest for a linear Ia/Ve« 
characteristic provided k is the same. 

Expression (12) may be used to calculate the 
efficiency curve for any valve. The resulting curve 
will be most in error for very small input swings, since 
the law (11) will fail to hold in the region of cut-off. 
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Assuming n = 2.8 and k = 0.151 for the Type UL46 
Fig. 5(c) has been constructed. 

It will be noted that for the UL46 operated under 
these conditions, the effective gamma is 2.38, so that 
if the ratio of synchronizing signal to peak picture 
signal at the input is 30 per cent this ratio is reduced 
to 6.8 per cent at the output. 

Using the uL46 with an anode load of 1.5 k®, a 
video current swing of 20 mA is required for 30 volts 
video output. This requires a® input swing of 10.9 
volts R.M.sS., and the amplitude of the output syn- 
chronizing pulses is only 2 volts peak. 


Mode II 


We shall again assume the I./Vs characteristic 
to be given by. 
WARD <cssimnvnchaties (18) 


while the applied signal is B+ A sin “t, corresponding 
to a standing bias (measured from cut-off) of B volts, 
with an applied rR.F. (or 1.F.) signal of peak value A 
volts. We shall further assume that the valve is not 
swung to cut-off so A < B. 
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The output current is then 
k (B + A sin ¢t)* 


= med +n(A/B) sin et Maa} , 
bata aes... } 


and picking out the D.c. terms yields 


kB" (1+ a lan FEE ats n(n—1) (n—2) (n- 3), 
2.2! 2’. 4! 
(A/B)' +...) 


This series converges rapidly for normal values of n, 
and putting In = kB" where Iw is the standing cur- 
rent we find for the video signal current output, 


I= mn =D (4 By Bia 9 oc. (14) 


It would appear from (14) that with values of n > 2, 
highest efficiency is obtained with a high standing 
current, while for values of n < 2, a small standing 
current results in highest efficiency. 
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For the uL46, taking n = 2.8, we obtain the follow- 
ing table: 


Bias volts .. —17.5 —15.0 —12.55 —10.0 -—7.5 —5.0 
B (volts) Ace 5 7S AGG 12S tS. US 
7 (mA/volt?) ... 0.180 0.200 0.218 0.240 0.250 0.258 


Using these values and Equation (14) the theo- 
retical efficiency curves shown in Fig. 5(d) were calcu- 
lated. The vertical strokes at the ends of the curves 
indicate where the grid would be swung to Vs = —1 
and so grid current would be introduced, while the 
dotted portions show regions where A > B and so the 
foregoing theory does not apply. 


Comparison of these curves with experimental 
curves shows that the theory holds to a reasonable 
degree of accuracy, so that Equations (12) and (14) 
may be used confidently in the assessment of the 
operation of any valve as an anode bend demodulator 
video valve. 


It will be noted that the effective gamma is 2 (in- 
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Fig. 5 (c) 
Efficiency curye for the UL46 valve 
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dependent of the valve used) so that if the ratio of 
synchronizing pulse to peak video signal input is 30 
per cent, the ratio at the video valve anode will be 
9 per cent. 


Operating the UL46 with a standing bias of 15 volts 
and an anode load of 1.5 k®, the required input is 
7 volts R.M.s. for 80 volts video output and the 
synchronizing pulse output is 2.7 volts peak. 


It will be seen that operation in Mode II is more 
efficient, but at the price of the standing current 
(15 mA in the above example) which is required. 


As previously noted, the effect of the anode-grid 
capacitance should‘be considered. If the anode load 
consists of a resistance R and capacitance C in parallel 
the effective input resistance and capacitance due to 
anode-grid capacitance feedback at any frequency are 
given by: 














456 
+ e 
pata oR’ gm Ces 
- gm R 
Ci = Cus ( 1+—£ ae) me ae (15) 


The value of gm actually varies as the input swing 
varies, so that if a large input resistance is required, 
the anode-grid capacitance should be very small, so 
that 1/R: and C: are small, and their effect is 
swamped by other circuit elements. 

It will further be noted that operation in Mode I 
results in a higher effective value of R: than that 
obtaining in Mode II since the gm over the operating 
range is smaller. 

If small input swings are being considered the gm 
at the operating point should be used in the above 
formule. If large swings are being considered the 
average gm over the portion of the grid base employed 
may be used. 
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If the R.F. (or 1.F.) is very large so that 
©CR >> 1 formule (15) tend to 
Ri = C/ (gm Crs) 
Ci = Cae TTT TTT TTT Tee (15a) 


while if the LF. is very low (about 4 Mc/s. 
is the lowest ever used) CR tends to about 4/3 


yielding 
Ri> 1.5 C/ (gm Caz) 
Ci + Cag (1+0.85 gmR) ......... (15b) 


Thus, although the input resistance due to feedback 
is increased slightly by operating at a lower 1.F., the 
input capacitance rises rapidly so that it is not advis- 
able to work with a low intermediate frequency. 


Microphony in Video Output Stages 


The video valve employed in cathode compensated 
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or anode compensated stages for direct-view receivers 
is usually a high slope k.F. pentode in which the grid- 
cathode clearances have been reduced to a minimum. 
For the anode-band demodulator video valve for 
direct view receivers and for the anode compensated 
stage for projection receivers, the valve employed may 
be specially designed for the purpose, or it may be an 
output pentode valve which is made for normal broad- 
cast receivers. These valves may show no sign of 
microphony in the R.£. and 1.F. stages or in the sound 
output stage, but be 4uite unusable in the video out- 
put stage. This follows in the case of an R.F. or I.F. 
amplifier, since the low-frequency microphonic dis- 
turbances are not transmitted by the inter-valve coup- 
lings and they can only become of importance if of 
sufficient magnitude to cause modulation of the R.F. 
signal. 

The effect of microphony on the picture is twofold. 
It can directly modulate the picture tube, producing 
horizontal black-and-white bands across the raster. 
It can also interfere with the horizontal synchronizing 
producing a tearing of the picture, or with the vertical 
synchronizing causing the frame lock to slip. Usually 
these effects occur simultaneously. 

The sensitivity of a particular circuit to microphony 
will depend on the gain from the grid of the valve 
under consideration to the picture tube grid. 

A synchronizing pulse of about 1 volt in amplitude 
represents the lowest acceptable signal, and this 
should not vary by more than 10 per cent if synchro- 
nizing is not to be affected. This gives 0.1 volt output 
as the maximum interfering microphonic voltage 
amplitude tqlerable, corresponding (taking an aver- 
age video L.F. gain figure of 10) to.10 mV p - p at the 
grid of the video stage. 

Mechanical excitation of the valve may be due to 
sound waves from the loudspeaker, which may be pro- 
pagated through the air or transmitted by the chassis 
and cabinet. As this is the normal condition, tests for 
microphony should be carried out in the cabinet. 
Alternatively, microphonic excitation may take place 
by shocks accidentally applied to the cabinet. 

Something may be done by choice of circuit to re- 
duce sensitivity to microphony. D.c. restoration can 
materially reduce sensitivity to microphony since fre- 
quencies lower than 500 c/s. need not be reproduced 
by the coupling components, the p.c. and L.F. com- 
ponents being reinserted later. This is of particular 
value in the synchronizing separator, as D.C. insertion 
is usually employed at the limiter grid. A low value 
of the grid-leak and capacitor can produce a marked 
improvement to the insensitiveness of the synchroni- 
zing separator to microphony, the limit being set by 
the amount of synchronizing pulse chopping that can 
be tolerated. Unfortunately, the synchronizing pulse 
is already small in the case of the anode-bend 
demodulator video stage, which partially accounts 
for the comparative unpopularity of this type of 
circuit. 

Other Considerations in the Design of Video Output 
Stages 

There are a number of secondary considerations 
which have to be investigated in the design of video 
stages. 


Valve Bottoming 
When the anode current is a maximum the anode 
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The feed to the synchronizing pulse separator 


voltage will be a minimum and care must be taken 
that the anode does not bottom. Bottoming results in 
distortion of the peak whites and further may result in 
excessive screen current with a danger that the screen 
dissipation rating may be exceeded. In certain cases, 
the stage has been designed so that the valve just 
does not bottom on peak white but does so on inter- 
ference pulses, the stage then providing its own vision 
interference limiting. This practice cannot be recom- 
mended unless an exhaustive investigation is made 
into tolerances on the knee of the valve used and on 
the resistors employed. 
Negatively-going Transitions 

When employing cathode compensation, care must 
be taken that a negatively-going transition at the grid 
is followed reasonably well at the anode. The higher 
the feedback factor, the longer will be the anode time 
constant. If a sharp negatively-going input wave is 
applied, the fastest rate of rise of anode potential is 
V/CR where V is the potential difference between the 
H.T. rail and the anode at the instant the transient is 
applied, and CR is the anode circuit time constant. 
With cathode compensation, however, V is usually 
large (since the anode load is high) and so in practice, 
circuits may be designed which deal adequately with 
the negatively-going transients encountered in tele- 
vision. 


Feed to the Synchronizing Separator 


If the video signal is fed directly from the video 
valve anode to the grid of the synchronizing valve, the 
grid-cathode space of the latter functioning as the first 
limiter, care must be taken with the circuit design to 
avoid a bad transient response at the video anode, or 
‘* pulling after white.’’ The circuit usually employed 
is shown in Fig. 6a. 

To provide a sufficient source impedance for the 
limiter action the resistor Rt is incorporated. If a 
high feedback factor is employed in the video stage, 
with a resulting high load resistance R: this resistor 
R: may not be necessary. If Rt is made too large the 
phenomenon of “ pulling after white ’’ occurs. 

From the point of view of the response at the video 
valve anode, the time constant formed by R: and the 
input capacitance of the synchronizing separator may 
have a profound effect. The effect is usually mani- 
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fested by a drag on the indicial response as shown in 
Fig. 6b. With careful design this effect may be 
eliminated. 


Tolerances 


As with all circuit design the tolerances on circuit and 
valve parameters must be investigated. In particular, 
it should be appreciated that the tolerance allowed on 
the cathode capacitor used in a cathode compensated 
stage becomes smaller as the feedback factor is 
increased, 


Cost 


Finally, in the assessment of a circuit, its cost 
should be considered. Unless a negative bias line is 
available the anode compensated stage is usually 
dearer than the cathode compensated stage due to the 
need for an electrolytic capacitor by-passing the 
cathode resistor. Further, in the case of video 
stages to yield large outputs the cathode com- 
pensated stage may often employ a smaller-current 
valve than an anode compensated stage. This may 
be an important factor in the design of an A.c.-D.c. 
receiver. 


Dissipation Ratings 
It is, of course, understood that the valve dissipa- 


tion ratings should not be exceeded. In any given 
design this should always be checked. It may be 
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Fig. 6 (b) 
The effect of the synchronizing separator input circuit 


noted here that the anode rating will never be 
exceeded if the value of the load resistor is greater 
than (Vu.1.)’/4 W. where W. is the maximum anode 
rating. 

In many cases the screen rating will be exceeded 
before the anode rating. A great deal of trouble may 
be avoided by ensuring at the commencement of a 
design that the screen rating is not exceeded. This 
is illustrated below. 


The Design Procedure for Anode Compensated 
Video Output Stages 


As an example of the procedure to be followed we 
shall attempt the design of a first order anode com- 
pensated video output stage which 


(a) delivers 30 volts p-p output signal, 

(b) has a build-up time of 0.18048, 

(c) has the fastest rate of rise without overshoot, 
(d) has a total anode loading capacitance of 80 pF., 


(e) has a positively-going signal (black to white) 
at the input. 
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As already seen, the first order anode compensated 
stage has a build-up time, with condition (c) satisfied, 
of 1.57RC so that inserting the conditions (b) and (d) 
above we obtain 

R = 2,760 ohms. 

The anode load resistor will therefore provisionally 
be taken as 2.7 k®2. The p-p current swing required 
for 30 volts p-p output is 11.1 mA. 

The valve used will be the EF80 which has W. = 
2.5 watts and We: = 0.6 watt. 

Using a 170 volt u.t. line (Vu.7.)'/4 R equals 2.68 

watts so that we shall have to check at the end of the 
design whether the anode rating is exceeded. 

The maximum steady screen current that may be 
passed is given by We:/Vu.7.=0.6/170=3.53 mA. We 
shall take the peak permissible screen current to be 
4.0 mA since the picture signal is never completely 
at peak white; the presence of synchronizing pulses 
decreases the mean screen current to about 85 per 
cent of the mean screen current which would result 
from continuous operation at peak white. 


30 
28 
26 
24 


22 ania 








O39 volts 





L. 15Svolts | 
Fig. 7 (a) 
The EF80_inYan anode compensated video stage 


Considering the I./V, characteristics of the EF80 
operated from a 170 volt u.T. line (Fig. 7a) it will be 
seen that under peak white conditions we may choose : 


Va = —1.8 volts 
I. = 16.1 mA 
Te = 4mA 


Since we required a current swing of 11.1 mA, the 
anode current under no signal conditions will be 
5.0 mA giving the no signal conditions 


Va = —2.8 volts 
I. = 5.0 mA 
Te = 1.0 mA 
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Fig. 7 (b) 
The anode dissipation of the EF80 video stage 
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The input swing required is 1.5 volts p-p resulting 
in a stage gain of 19.3 (25.7 db). Assuming a synchro- 
nizing percentage input of 25 per cent (it will not be 
the full 30 per cent due to cramping at the demodu- 
lator) the synchronizing pulse at the output is 19.8 
per cent of the total output signal. The synchroniz- 
ing pulse is thus 5.95 volts p-p with full picture tube 
modulation which is perfectly satisfactory for most 
synchronizing separators. At reduced contrast set- 
tings it is to be expected that the synchronizing pulse 
output will be sufficient for most synchronizing 
separators. 

The anode wattage must now be investigated. This 
is given at any anode current by 

W. = In (Vur.— Rln) 

Using this expression the anode dissipation at any 
given current may be plotted as in Fig. 7b. It will 
be noted that the rated maximum of 2.5 watts anode 
dissipation is not exceeded. 

At peak white signal the anode potential will be 
126.5 volts which is well above the knee of the [.-Va 
characteristic of the EF80, so that we may safely say 
that no trouble with bottoming will be experienced. 

The value of the compensating inductance required 
is given (from Table II) by 

L = 1/4 CR’ = 54.6 #H. 

This may conveniently be achieved by winding 100 
turns of 42 S.W.G. D.S.C. wire on a } watt Erie 
resistor, winding width = 3/16 in.; Douglas wave- 
winder gears A50, B37, C38, D50, E40, F80. 

The complete design is shown in Fig. 7(c). 

The Design Procedure for Cathode Compensated 
Video Output Stages 


As an example of the procedure to be followed we 
shall attempt the design of a cathode compensated 
stage which :— 

(a) delivers 30 volts p-p output signal, 

(b) has a build-up time of 0.130 4S, 

(c) has the fastest rate of rise without overshoot, 

(d) has a total anode loading capacitance of 30 pF; 
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(e) has a positivery going signal (black to white) 
at the input. 

As seen in Part I the cathode compensated stage has 
a build-up time, with condition (e) satisfied, of 
2.19RC/F so that inserting the conditions (b) and 
(d) above, we obtain :— 

iP BOE WF ni. ccsecessinsus: (16) 

The value of feedback factor, F, obtaining with 
various values of cathode resistor Rx must now be 
found by examination of the EF80 characteristics. 
This is shown in the following table :— 
Viz = 170 volts. 









































Rk(ohms) ;Vgl(volts) | la(mA) | Igs(mA) )gm(ma/V) sk(mA/V) F 
iso | —1.95 1102 | 26 | 7.3 | 915 | 2.37 
180 —2.10 9:3 a3 6.9 8.60 2.55 
220 —2.25 8.3 2.0 6.5 8.08 2.78 
270 —2.45 7.0 BA 39 7.34 2.98 
330 —2.57 6.5 1.5 5.5 6.78 3.24 
390 —2.72 a0 (2 ot 6.21 3.42 
470 —2.85 4.8 1.0 4.7 5.67 3.66 
560 —2.98 4.2 0.95 4.2 5.15 3.89 

. _(7OVolts 
27k 
| Watt 
= 546uH No signal Ia =5‘OmA 
% Igo= tOmA 
Peak signal Lasi6ImA 
Ig5* 40mA 
Stage gain= 19-3 
Fig. 7 (c) 


Complete design‘of an anode compensated video stage using the EF80 


Using these values of F the anode load required 
may be calculated from (16). The current swing 
required, and the gain of the stage (gmR/F) may 
further be calculated as in the following table :— 














Current | Peak Anode 
Rk(ohms) R(kQ) | Swing Current Stage 
(p-p. mA) | (mA) Gain 
150 4.66 6.43 16.63 14.4 
180 | 5.02 5.98 15.28 13.6 
220 5.48 5.47 13.77 12.8 
270 5.87 5:12 12.12 11.6 
330 6.38 4.70 11.29 10.8 
390 6.73 4.46 9.96 10.1 
470 7.21 4.16 8.96 | 9.3 
560 7.65 3.93 as | eS 




















The maximum anode dissipation for the EF80 is 
2.5 watts so that if the anode load is greater than 
(Vir. /4Wa= (170) / 4x 2.5=2.9 k&, this rating can 
never be exceeded. Thus all the cases contained in 
the table above are satisfactory from the point of 
view of anode dissipation. 

The maximum screen dissipation for the EF80 is 
0.6 watt which is realized when the u.tT. line is 170 
volts at a screen current of 8.53 mA. The anode 
current corresponding to this screen current is 
14.00 mA. It will thus be seen that for the 


case above where Rx = 150 or 1802 there is 
a possibility of exceeding the screen wattage rating 
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Linearity curve of cathode compensated stage 


(in actual fact the case for Rx = 1802 is probably 
satisfactorily due to the fact that no television wave- 
form is 100 per cent peak white because of the pre- 
sence of synchronizing pulses). We may reasonably 
take the attitude that we shall choose the case where 
most gain is obtained without the possibility of 
exceeding the valve electrode wattage ratings. This 
is given by Rx = 2202. We shall take as the anode 
resistor 5.6 k2 which indicates that for 30 volts p-p 
voltage output swing, the current swing required is 
5.86 mA. This indicates a peak anode current of 
13.7 mA and a peak screen current of 8.5 mA (the 
peak screen dissipation being 0.6 watt). The gain of 
the stage is 13.1 (22.35 db), and the anode potential 
swings between 123.4 volts and 98.4 volts so that no 
trouble with bottoming will be experienced. 

The input voltage required for 30 volts p-p output 
is 80/13.1 = 2.29 volts p-p. Assuming that the 
synchronizing pulse percentage at the input is 25 per 
cent (the demodulator produces some synchronizing 
pulse cramping) the input corresponding to the 
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synchronizing pulse is 0.57 volt peak. Using the 
I.-V; characteristic of the EF80, the input-output 
linearity curve may be drawn. 

This is most easily done as follows :— 

(a) choose an anode current, 

(b) from the I./V: curve determine Vex, 

(c) calculate Vi by multiplying Rx by (In + Iz), 

(d) subtract (b) from (c) to determine Vin. 

The result is shown in Fig. 8a. It will be seen that 
the linearity is very good, and that the synchronizing 
percentage will not be appreciably reduced. The 
synchronizing pulse output will be of the order of 
7.5 volts peak for a fully modulated picture. 
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The value of cathode capacitor required is calcu- 
lated from 
; Cx = RC/ Rx = 762 pF. 

A small amount of overshoot is usually tolerable 
on the indicial response, and so a cathode capacitor 
of 820 pF will be included. 

The complete circuit is shown in Fig. 8b. 


L.F. Considerations in the Design of Video Stages 


As explained in the introduction, there are two 
ways in which the amplification can be maintained 
uniformly down to zero frequency. The first is the 
straightforward method of using a directly-coupled 
stage. This method is often employed when the c.R.T. 
cathode is fed from the video valve anode, since there 
is little chance in this arrangement of the bias being 
removed from the c.R.T. under fault conditions. How- 
ever, this method has its attendant problems. The 
first arises if the H.T. supply has an appreciable 
impedance. This may result in changes of picture 
level as the average brightness of a scene varies. The 
inclusion of appropriate screen decoupling elements 
may be utilized to neutralize this effect. Another 
point which must be considered in any design is the 
heater-cathode voltage rating of the c.r.T. Direct 
feed of the signal to the cathode of the c.R.T. means 
that the cathode may be at a considerable potential 
above earth, in which case the heater-cathode rating 
may be exceeded. Usually this problem may be over- 
come by a separate heating winding for the c.R.t. 
(this winding being connected to the cathode by about 
20 k2) or in the case of series-connected heaters by 
appropriately choosing the position of the c.R.T. in 
the valve heater chain. In addition, when using a 
tetrode gun C.R.T., the first anode potential has to be 
supplied. If the cathode is already, say, 150 volts 
above earth, and it is required to operate the first 
anode at a potential of 200 volts relative to the 
cathode, this implies that a potential of 350 volts 
relative to earth must be applied to the first anode. 
Occasionally such a potential is available from an 
H.T. line in the receiver, but more usually it must 
be obtained either by bleeding the £.u.T. or by recti- 
fication of an appropriate pulse voltage in the 
receiver. For example, the supply to the first anode 
has been obtained from the pulse appearing across 
the line deflector coils, the rectification being 
effected by a non-linear device such as Metrosil. 
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In the case of anode compensated stages directly 
feeding the c.R.T., special problems arise in obtaining 
the bias voltage for the video valve without intro- 
ducing L.F. degeneration. If the design is such that 
the grid of the c.r.tT. is fed, then under no-signal con- 
ditions the video valve passes a high current; appli- 
cation of the signal swings the grid more negative. 
Thus the value of cathode resistor required for auto- 
bias is quite small (usually of the order of 50 ohms) 
and it is convenient to leave this unbypassed, tolerat- 
ing the small loss in gain incurred, but eliminating 
any L.F. degeneration. If the cathode of the c.R.7. 
is fed, the video valve passes a small current under 
no-signal conditions and the cathode resistor required 
for auto-bias operation is sufficiently large to decrease 
severely the gain if left unbypassed. There are a 
number of ways in which circuit compensation may 
be introduced in the anode circuit to compensate for 
the L.F. degeneration caused by bypassing the cathode 
resistor, but all of these methods involve the use of 
at least two additional components. An alternative 
scheme is to bias the grid of the video valve from a 
negative bias line, the cathode of the video valve 
being tied to earth. It is important that such a 
negative bias line should not drift. These problems 
do not arise with cathode compensation. 

The second method of maintaining the D.c. com- 
ponent is to use D.c. restoration. When this method 
is employed no great care need be taken with de- 
coupling time constants in the cathode or screen of 
the video valve, provided that these time constants 
are sufficiently long to make the sag in the output 
waveform small over. a line scanning period. D.c. 
restoration tequires the use of a further valve struc- 
ture (or equivalent device), and has the additional 
disadvantage of slightly reducing the amplitude of 
the synchronizing pulses. 
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Manchester to Edinburgh Micro-wave Television Link 


Benne contract has been placed and work has 
commenced on the micro-wave television link 
which will further extend television to Scotland. 
The new radio link, which will be the longest of 
its kind in Europe, is being designed and installed 
by Standard Telephones and Cables Limited who, 
since the first demonstration of a micro-wave link 
which they gave between Dover and Calais in 1931, 
have been responsible for many micro-wave develop- 
ments, including some of the portable links at present 
being used by the B.B.C. Television Service for 
“outside broadcasts.”’ 

A Standard portable microwave link was used to 


span the Channel during the recent television 
transmissions from Calais. 

The radio-relay will follow a route from Man- 
chester northward on the east side of the Pennine 
Chain to Kirk o’ Shotts; an overall distance of 245 
miles. The contract includes the provision of seven 
unattended repeater stations spaced at about 30- 
mile intervals, to receive, amplify and re-transmit 
the requisite signals over successive line-of-sight 
transmission paths. Repeaters will consist of main 
and reserve receivers and transmitters with four 
paraboloid aerial assemblies mounted on steel towers 
ranging in height from 28 to 200 ft. 
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An “Ideal” Post Deflexion Accelerator C.R.T. 


By L. S. ALLARD, B.Sc., A.inst.P. 
(G.E.C. Research Laboratories, Wembley) 


Ts two main advantages to be gained in the use 
of commercially available post deflexion accelera- 
tor (P.D.A.) cathode-ray tubes as compared with nor- 


_ mal electrostatic tubes are: 


(i) The attainment of higher screen brightnesses 
with only a relatively small increase in the de- 
flecting forces required to deflect the beam, and 


(ii) The problem of insulation in the glass pinch 
and the base are eased in view of the fact that 
the final H.T. is applied to a contact on the side 
of the tube. 

These points, which have been discussed in greater 
detail in previous articles,’ appear to be very attrac- 
tive to the tube user, but, of course, the adoption of 
this procedure introduces certain disadvantages, the 
chief of which is scan distortion. This distortion can 
become serious when one attempts to utilize the full 
screen diameter. It is known that this defect is due 
to the non-uniform fields introduced in the vicinity of 
the accelerator bands, and can be improved by careful 
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Fig. I. 


Form of equipotential surfaces in normal P.D.A. tube 


tube design. With tubes at present available, how- 
ever, these distortions are not completely eliminated. 
Fig. 1 represents an outline drawing of a P.D.a. tube, 
with the accelerators formed by bands of graphite on 
the internal wall of the tube. 

W. G. White’ has referred to a form of P.D.A. tube in 
which the electrons, after travelling through the de- 
flecting system and the customary field free space are 
given a final increase in their axial velocity by an 
infinitely thin electrode at the back of the fluorescent 
screen. This electrode would be maintained at a 
voltage higher than that of the final anode of the 
electron gun. A tube of this nature, however, would 
suffer from defects similar to those outlined for the 
normal type of P.D.A. tube, since the accelerating field 
would still penetrate down the tube, thus introducing 
scan distortions. Tubes of this type have been shown 
to offer little in the way of advantages over the 
normal P.D.A. tube. Figs. 1 and 2 indicate the general 
form that the equipotential surfaces assume in the 
two special instances outlined above. 

A special design of tube employing the pP.p.a. 
technique has been investigated however, which is 
completely free from scan distortions. Furthermore, 
this tube can give increased brightness at higher 
screen potentials with no increase in the deflecting 
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voltages required. Naturally, this achievement is 
obtained at the expense of another important charac- 
teristic of the tube, namely, resolution, and it is cer- 
tain that this latter quali would, at the present 
moment, have to be carefully considered in any 
proposed use of this type of tube. 


The ‘Ideal’? P.D.A. Tube 


In achieving the “‘ Ideal ”’ form of p.p.A. tube, the 
final accelerating field was introduced between two 
parallel planar electrodes placed very near and 
parallel to the fluorescent screen. In this arrange- 
ment, the equipotential surfaces effectively form 
parallel planes between the accelerating electrodes. 


(a) Demountable Apparatus 

In preference to making completed cathode ray 
tubes, the demountable form of tube was used. This 
allowed greater flexibility in the design and construc- 
tion, and also enabled the results to be obtained 
readily. A normal three-stage. mercury vapour 
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Fig. 2. 
Form of equipotential surfaces 4 W. G. White’s proposed P.D.A. 
tube 


diffusion pump was used, which allowed the experi- 
ments to be performed in a gas pressure of 10-° mm. 
of mercury, or less. The pump head consisted of a 
16 pin socket surrounded by a 90 mm. diameter 
ground glass flange, to which could be affixed any 
size of cathode ray tube bulb having a similar flange. 
(The sizes of bulb used for the experiments ranged 
from 1} in. to 6 in. in screen diameter.) A further 
feature of this bulb was that it possessed another 
ground glass flange at the screen end, thus allowing 
the accelerating electrodes to be easily inserted. 
Through this second flange electrical contact was 
made to the accelerating electrode in contact with 
the screen. The electrode system, mounted on a 16 
pin plug, was held in the pump head by the 16 pin 
socket, the electrical contacts to which were brought 
out through a normal 16 wire pinch. Fig. 3 repre- 
sents the complete demountable system. 

The property of the parallel electrode nearest the 
gun is such that as well as being continuous it must 
allow the electrons to pass through. For this pur- 
pose, wire gauze was used, initially of 60 mesh per 
inch, having a wire diameter to space ratio of 1 : 3. 
For the other — electrode, which should be in 
contact with the fluorescent screen, a similar gauze 

mesh was used. Alternatively, for this latter 
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Fig. 3. 
Demountable C.R. Tube 


electrode, a metal backing of aluminium could have 
been employed as is now becoming a common feature 
with the magnetic type of television tube. 

The spacing between the parallel electrodes was 
fixed at 4 mm., although this could have been 
readily adjusted to any other value, by the method 
of supporting the electrode nearest the gun in the 
body of the bulb. With these assemblies it was 
possible to assess spot quality, screen brightness and 
deflector plate sensitivity. 

Test Procedure and Results 

Direct comparison between the characteristics of a 
normal tube and the “ ideal ”’ p.p.a. tube was easily 
obtained by merely varying the potential of the 
electrode in contact with the screen. The deflector 

late sensitivities are given in graphical form in 
igs. 4, 5 and 6. In these, Figs. 4 and 5 refer to the 
13 in. diameter tube, with particular reference to 
the following experiments :— 


Curve A. Normal tube with no P.D.A. 
Curve B. 


(Vs asi V;). 


Customary P.D.A. tube which has two 
bands of graphite. 

(V: = 1.5 kV, w= 1.5-7.0 kV). 

(G.E.C. Ref. No. 401 C.A.H.A.) 

P.D.A. tube as proposed by W. G. White. 
(Vs = 1.5 kV, Vs = 1.5-7.0 kV). 


P.D.A. tube 
accélerators 
(V:; = 1.5 kV, Vs = 1.5-7.0 kV). 


Fig. 6 refers to the 6 in. diameter tube, with parti- 
cular reference to the following experiments :— 


Curve C. 


Curve D. having parallel planar 


Curve A. Normal tube with no p.p.a. (Vs; = V:). 

Curve B. Customary P.D.A. tube, having two bands 
of graphite. 
(V: = 2.0 kV, Vs = 2.0-7.0 kV). 

Curve C.  P.D.A. tube as proposed by W. G. White. 
(V; = 2.0 kV, Vs = 2.0-7.0 kV). 

Curve D. p.D.A. tube having parallel planar 
accelerators. 


(Vs = 2.0 kV, Vi = 2.0-7.0 kV). 


_From these results it can be seen that the introduc- 
tion of the parallel planar mesh p.p.a, electrodes 
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enabled the screen potential to 
be increased without sacrificing 
deflector plate sensitivity. 

The range of voltages applied 
to the final accelerator (V+) in 
these experiments was much 
greater than that normally 
applied in the operation of P.D.A. 
tubes. It is customary to 
restrict the ratio V:i/Vs to a 
value of approximately 2, other- 
wise very severe scan distortions 
could be introduced. However, 
this ratio was extended to ascer- 
tain the gain in sensitivity 
obained when using _ parallel 
planar mesh electrodes. It should 
be noted that the form of curve B 
in Figs. 4, 5 and 6 depends on the configuration of the 
graphite bands acting as the accelerators, and for 
these experiments, a well established design of 
accelerator bands was used. In addition to this gain 
in sensitivity, it was observed that the scan distor- 
tions were also eliminated due to the final accelerat- 
ing field not being allowed to penetrate down the 
tube. The increased screen voltage naturally resulted 
in a higher brightness, which followed approximately 
the customary square law relationship. 

However, some disadvantages were also apparent, 
for, as the beam passed through the first mesh elec- 
trode, secondaries were liberated which were then 
accelerated towards the screen. One result of these 
secondaries was that the contrast range on an in- 
tensity modulated raster was reduced. 

Secondly, the resolving properties of the tube were 


FLOURESCENT SCREEN 
DEMOUNTABLE GROUND 
GLASS JOINT CONTAINING 
H.T. CONNEXION FOR V4 


PARALLEL 
PLANAR MESH 
ELECTRODES 


Fig. 4. 
Back plate sensitivity measurements on I}jin."diameter P.D.A. tube 


CURVE A Normal Tube with no PDA. V3=V4 
CURVE B Customary PDA. Tube (Two bands of graphite) 
CURVE C PDA. Tube as proposed by W.G.White 

CURVE D “Ideal” PDA. Tube 


V321'5kV (Fixed) 
V4='SkV—7-OkV (Varied) 
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CURVE A Normal Tube with no PDA. V3=V4 
V3=I-SkV (Fixed) CURVE B Customary PDA, Tube (Two bands of graphite) 
V4=l*5kV-7-OkV (Varied) CURVE C PDA. Tube as proposed by W.G.White 

CURVE D “Ideal” PDA. Tube 
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Front plate sensitivity measurements on I} in. diameter P.D.A. tube 


also affected, for these secondaries gave an apparent 
increase in spot size in the central region of the tube 
face, while at the edges they formed a second trailing 
spot. The displacement of this second spot from the 
main spot was dependent upon the spacing between 
the parallel planar mesh electrodes. Attempts were 
made to reduce the secondary emission by suitably 
coating the mesh electrodes, for example with carbon, 
but this did not eliminate the trouble. The use of a 
wide spaced mesh (approximately 10 mm. between 
wires), to limit the number of secondaries, was also 
tried. With this, however, a lens action was intro- 
duced between the mesh and the screen, resulting in 
a magnified. image of the mesh structure appearing 
on the screen. This effectively reduced the useful 
screen area available. 

Some detection of the wire mesh structure was 
observed with the first type of mesh that was used, 
but it is felt that this could have been eliminated by 
using a much finer mesh (i.e., where the mesh size is 
small compared with the spot size). 


Conclusion 


Ideally for this system to work satisfactorily, a very 
fine mesh, or, in the limit, a very thin continuous 
metallic film is required for the first parallel elec- 
trode. This must allow the beam to pass through and 
yet liberate no secondary electrons. Since this condi- 
tion has not yet been achieved, the deterrent features 
of loss of contrast and reduced resolution have been 
introduced. However, the experiments have in- 
dicated that the “ ideal ” form of p.p.a. tube having 
parallel planar mesh electrodes is capable of achiev- 
ing the desired characteristic, i.e., increased screen 
brightness without the expense of requiring higher 
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CURVE A Normal Tube with no PDA. V3=V4 
V3 = 2kV (Fixed) CURVE B Customary P.DA. Tube (Two bands of graphite) 
V4 = 2kV-7KV (Varied) CURVE C RDA. Tube as proposed by W.G.White 
CURVE D “Ideal” RDA Tube 





—~ V4 (kv) 


Back and front plate sensitivity measurements of 6 in, diameter 
P.D.A. tube 


deflecting forces, and also without the introduction of 
scan distortion. 

It is considered that, in view of the performance at 
present obtained with commercially available p.p.A. 
tubes, the disadvantages introduced with the “‘ ideal ”’ 
P.D.A, tube outweigh its advantages, thus rendering 
its practical usefulness of small value. 
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1 « After-Acceleration and Deflection,” J. R. Pierce, Proc. I.R.E. Jan. 1941, 
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Fire Risk Due to TV Lenses 


| $e is a well-known fact that the sun’s rays, if 
concentrated through a magnifying lens and 
directed upon readily combustible material, can 
cause fire. An example of this has been quoted 
where the sun’s rays, passing through a transparent 
plastic door handle, ignited a bath robe. Heath and 
forest fires have been attributed to the concentration 
of the sun’s rays through broken glass and bottles 
and, today, a new medium has been introduced into 
daily life by means of which “ insolation ”’ (as it is 
called) can occur. 

Radio dealers are displaying in their show windows 
new types of magnifying lenses for attachment to 
television sets. Already some incidents have occurred 
where insolation has set fire to the contents of radio 
dealers’ windows where lenses are displayed. 

—From the Fire Protection Association Journal, 
July, 1950. 
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By FRANCIS OAKES 


N Oise is produced in every resistor, fixed or vari- 
able, and whether carrying a current or not. This 
noise is due to themal agitation, and, usually, a 
number of other causes contributing to the total of 
noise fluctuations in varying degree. As the noise 
characteristics of resistors, and especially such resis- 
tors as are used in the field of electronics, are an 
important though undesirable property, the measure- 
ment of this complex quantity, its theory and tech- 
nique, has also become an important problem. The 
most important aspects of the subject of noise 
measurement are: the inspection of production pro- 
cesses of radio resistors; the testing of commercial 
radio resistors for the amount of noise they produce 
on load, and in the case of variable potentiometers on 
load and upon rotation, the noise measurements that 
have to be carried out as part of the development 
work leading to the design of efficient radio com- 
ponents; and the various types of noise measurement 
made necessary by research work in studying the 
nature of noise and investigating its causes. 


The Quantities to be Measured 


Thermal agitation noise and its measurement are, 
as such, not of importance from this aspect, because 
‘magnitude, frequency distribution and the physical 
nature of this phenomenon are well known, and their 
numerical values can be calculated from other data, 
without measurement. The position with all other 
‘types of noise is, however, quite different. Apart 
from the fact that noise from other sources cannot be 
calculated numerically from such simple data as resis- 
tance value and ambient temperature, the problem is 
complicated by the nature of the quantity to be 
measured. 

The fluctuations of voltage, or current, normally 
referred to as resistor noise, consist of a series of tran- 
sient phenomena of relatively small amplitude and 
very uneven distribution. As can be seen from the 
oscillogram shown in Fig. 1, being a noise trace of a 





Fig. |. 
Noise trace of IMQ resistor, comparatively noisy sample but stable. 


Voltage across sample : 100V (10mV =} inch) 


fixed resistor carrying a small current, the fluctua- 
tions do not occur cyclically, and their amplitude and 
frequency distribution change in an irregular fashion. 
This condition is vastly exaggerated in the case of a 
faulty resistor, an example of which is shown in Fig. 2. 
This resistor has a very unstable noise characteristic, 
showing only a few per cent of the amplitudes 
observed during “ noise-bursts’’ for considerable 





Fig. 2. 
Noise trace of unstable {MQ resistor 
(a) Above : during noise bursts when noise peaks exceed 10 mV 


(b) Below : between noise bursts, recording to the same scale as (a) i.e, 
10 mV=¢ inc 





It is therefore impos- 
‘peak ” voltage 
average ’’ voltage in 
describing the “‘ magnitude ’’ of these fluctuations. 

This is also the case for the noise characteristic of the 
resistor of which the noise trace is recorded in Fig. 1. 

Here, the visible ‘‘ peaks’ over certain intervals 
of time vary along the trace. In other words 
the peak value between the first two timing 
marks of 1/50 second would be different from 
the peak value between the next, and so on. 
Similarly, the R.M.s. value taken over the first 
interval would be different from the one taken 
over the next. If a long noise trace were to be investi- 
gated in this way, it would be seen that the noise peak 
values and the noise R.M.s. values over each fixe 

interval are, in turn, fluctuating quantities. 

It is quite clear from these considerations that the 
terms peak value, R.M.S. value and also, analogously, 
average or linear mean value of noise voltage or 
current must be further specified, and that measure- 
ment of these quantities must be carried out accord- 
ing to more specific definitions. 

With peak values, the question is normally that of 
determining the maximum voltage peak occurring 
during the period of observation, bearing in mind that 
during a second observation of equal duration this 
value would be different from that obtained first time. 
It can be observed, however, that with normal radio 
resistors, the difference in the values so obtained de- 
creases as the interval of observation is lengthened. 
This is illustrated in Fig. 3. 
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im distinction to the approxi- 
600 mation to physiological factors, 
the accuracy of measurements 
400 and the repeatability of value 
3 mM | » i | \ obtained is in the focus of 
% 200;—4 attention. 
£ oO 
= Measuring Equipment 
S200 ryt ' Noise measuring equipment 
2 400 normally consists of the follow- 
z r ing fundamental parts: 
6005 5 io 15 20 25 30 35 7 1. Input circuit. 
2. Amplifier. 
TIME MILLISECONDS 3. Attenuator. 
4. Filter. 
PH Peck valuej200 SOO 150 $50 300 350 100 600 | Maximum 5. Output stage. 
sa ae 6. Metering circuit. 
Ditterence 300 350 400 250 so = SS 7. Monitor c.R.o. or re- 
as seine S00 550 350 600 Mex cording equipment. 
ro] ifference . : . 
29 ali 50 200 . 250 250 Input Circuit and Amplifier 
The input circuit contains the 
3 Peok value ed 600 Maximum | resistor on test, a standard 
< difference resistor, and a current-supply 
2% Ditterence 50 50 to load the resistor being mea- 
sured. Also, part of the input 
Fig. 3. circuit is the grid circuit of the 





IMustration of decrease in difference values of r noise 


ts as the 





interval of observation increases 


In the case of R.M.S. and average values, again, the 
value measured depends on the period af observation. 
And here, too, values measured during two periods 
of equal length will not be identical, because the occur- 
rence of noise fluctuations is not a cyclic or recurring 
one. With normal resistances, the R.M.s. values 
measured over reasonably long periods will differ only 
by a small amount. 


“* Nuisance Value ” 


For practical purposes, it is of importance how dis- 
turbing the noise generation will prove to be when the 
resistor is in operation in a radio receiver or other 
circuit of application. High noise peaks of very 
short duration and which only occur rarely, will have 
little audible effect, and therefore be of lesser 
‘‘ nuisance-value ” than lower noise peaks of longer 
duration occurring more frequently. Noise with a 
uniform fairly low R.M.s. value may show a lesser 
“ nuisance-value ”’ and yet a greater long-interval 
R.M.S. value than non-uniform noise, such as shown in 
Fig. 2, where bursts of momentary high r.M.s. value 
occur while the long-interval r.M.s. value is very low 
due to the low noise level between the bursts. It is 
therefore necessary to design noise measuring equip- 
ment in such a way that the noise readings obtained 
give the desired information. This is done by a care- 
ful study of the circuit time constants of the meter- 
ing circuits and by a number of subjective tests with 
resistors in operation in amplifier circuits, carried out 
to determine and check the performance of noise 
measuring equipment. This is particularly important 
for industrial noise measuring equipment. For re- 
search purposes, on the other hand, peak and long- 
period measurements are of greater importance, and 


valve providing the first stage 
of gain. This is shown dia- 
grammatically in Fig. 4. 
E is the voltage source, which is either a dry 
battery, accumulator battery, or a very carefull 

stabilized D.c. voltage from a specially designed recti- 
fier circuit, which must also eliminate residual hum to 
a high degree. The standard resistor is a resistor of 
known resistance value and lowest possible noise. 
Usually, a non-inductively wire-wound resistor is used 
for this purpose, of a value equal to that of the resis- 
tor on test. In this case, the voltage loading the stan- 
dard resistor is equal to that of the resistor on test, 
and equal to half the voltage of the battery supply. 
As the superimposed voltage can only be varied in 
steps in the case of batteries, and as it is not practi- 
cally possible to equip measuring gear with a very 
large number of standard resistors, this condition 
is approximated as far as possible, and the loading 
voltage across the resistor on test is computed as 
follows : 


em 
R + Rs 

The noise voltage across the grid impedance of the 
first amplifier valve is not the total noise voltage pro- 
duced, but depends on the combination of impedances 
in the grid circuit. Normally, the grid capacitances 
and the wiring capacitances and inductances can be 
neglected, but the resistance of the grid-leak must be 
taken into consideration. The portion of the noise 
voltage reaching the grid is therefore: 


_ RB. en RsRa 
~R+R Rs + Ra 


Ei. =R 


ea where R’ = 


therefore, the total noise voltage ex can be calculated 
from the input voltage ec. 








R+R 
R 





e€n = Ca 


This means that the noise voltage can be calculated 
from the constants of the input circuit if the per- 
formance of the amplifier is known, or if the output 
circuit contains a meter calibrated in terms of ampli- 
fier input voltage. Knowing also the voltage applied 
to the resistor on test, the noise of the resistor can 
then be expressed in terms of microvolts noise (R.M.S.) 
per volt load. 


The amplifier, of which the valve mentioned above 
is a part, is a carefully designed and built wide band 
voltage amplifier of 100 to 120 db gain, sometimes 
even more. Resistance coupling, negative feedback 
and the use of wirewound resistors, as well as careful 
screening and shock-absorbing mounting are some of 
the features necessitated by the large gain. Also, 














Equivalent circuit 
Fig. 4. 
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Input circuit for noise 


care must be taken to select valves, particularly for 
the first two stages of amplification, which.have low- 
noise characteristics and a minimum of microphony. 
Perhaps one of the most difficult problems is that of 
avoiding instability, by means of careful layout— 
cally of all earth returns—and by screening and 

roper location of the various portions of the ampli- 
cS to prevent stage-to-stage coupling and common 
impedances. 


Attenuator, Filter and Output Circuits 


An attenuator is interposed between the second and 
third stage of amplification, in many cases this loca- 
tion provides sufficient pre-amplification to prevent 
the attenuator from increasing the level of back- 
ground noise to any appreciable extent, while at the 
same time avoiding overloading of any stage preced- 
ing or following attenuation. A filter normally follows 
the attenuator so that the frequency response charac- 
teristic of the amplifier is given a convenient shape 
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to allow easier interpretation of the measuring results. 
Ideally, the pass band of a noise amplifier should be 
a rectangle extending from a fairly low audio- 
frequency up to about 15 or 20 ke/s. for ordinary pur- 
poses. If the amplifier proper is substantially flat 
over this range, the filter will govern the frequency 
characteristics of the amplifier. 

The stages following the filter are again of the 
voltage amplifier type, using negative feedback for 
the elimination of undue distortion which is much 
more important here than in the preceding stages, 
because of the larger magnitude of the signal volt- 
ages. The last valve is chosen so as to provide the 
correct characteristics required by the output circuit, 
and if several different output circuits are required, 
these are normally provided by a set of valves driven 
in parallel from the last stage of amplification. The 
following types of output circuit are used alternatively 
or in combination. 


1. Thermo-couple and moving coil meter for measure- 
ment of R.M.S. value. 


2. Moving coil meter driven by a diode detector 
circuit for measurement of linear mean value. 


8. Diode detector circuit with fast-charging, slow- 
discharging characteristics provided by suitable 
R-C circuit and moving coil meter for measure- 
ment of peak value. 


4. Diode detector circuit as above, but with some- 
what faster discharge characteristics for measure- 
ment of ‘‘ nuisance-value.”’ 


Diode detector circuit as described under 2, with 
the moving coil meter calibrated so as to give 
approximate R.M.s. values, based on an experi- 
mentally derived conversion factor to indicate an 
R.M.s. reading from a linear mean value 
measurement. 


C.R.O. for monitoring or recording purposes. 
A normal electrostatically deflected tube is used 
for this purpose in connexion with an output tube 
of the voltage amplifier type suitable to handle 
the large voltages required, without overloading. 
Negative feedback is useful, and a double beam 
c.R.T. is also an advantage, because a timing 
signal can be applied to the second beam, as was 
done to obtain illustrations Fig. 1 and Fig. 2. The 
timing wave was a 50 c/s. alternating voltage 
applied to the second beam which was shifted up 
so that timing marks were just visible. 


or 


= 


Stabilization Monitoring and Calibration 


The power supplies for the heater and anode cir- 
cuits of the amplifier are supplied by batteries or by 
a stabilized power supply unit. This is necessary 
because mains voltage fluctuations are likely to cause 
drift in the amplifier gain and will upset the calibra- 
tion, producing an error in the noise value reading. 
It is sometimes sufficient to stabilize the H.T. supplies 
alone, which can be done by a conventional stabilieed 
H.T. supply unit comprising a rectifying valve, a two- 
valve stabilizing circuit and a mains transformer to 
supply the alternating heater and high tension 
supply voltages. In many cases, however, such as 
for laboratory noise measuring equipment for develop- 
ment or research work rather than for comparative 
measurements for inspection of production purposes, 
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the heater voltage supplies must also be stabilized. 
This is very important because the valve characteris- 
tics are dependent upon the heater voltage which con- 
trols the cathode temperature. Therefore, a change 
in heater voltage will produce an appreciable change 
in amplification when accuracy and constancy of noise 
measurement is important. In these cases, magnetic 
stabilizing equipment of the saturated transformer 
type is often used successfully, and the heater and 
anode supply sources are both stabilized in this 
way. 

Sometimes a small loud speaker driven by a power 
valve is used instead of, or in addition to the c.R.o. 
monitor. 


The c.R.T. as well as the loudspeaker is often use- 
ful in assessing the “ nuisance value ” of the noise 
measured. As already mentioned, it is aiso possible 
to choose the time constants of the detector and meter 
circuits so that the meter reading will correspond 
approximately to this value. Fig. 5 shows in block- 
diagram form the various parts of a noise measuring 
amplifier and their correlation. 


The calibration of a noise amplifier measuring 
equipment which could also be called a noise valve 
voltmeter, is carried out by means of a calibrated 
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Fig. 5. 


Block schematic of noise measuring amplifier 





audio-oscillator and accurate attenuator. The audio- 
oscillator is set to frequencies within the flat range 
of the amplifier response curve, say to 3, 2 and 10 
ke/s, respectively and output adjusted to, say 0.1 
volt r.M.s. The attenuator is then set to obtain 50, 
100, 200 microvolts, etc., fed into the amplifier input, 
and the amplifier attenuator is set accordingly to 
allow checking of the output readings. The first of 
these checks, say, with the input adjusted to 50 micro- 
volt at 500 kc/s. is used to set the negative feedback 
control of the amplifier so as to give the correct out- 
put reading, all other steps should then be merely for 
checking purposes and require no further adjustment 
of the amplifier gain controls. 


The frequency characteristic of the amplifier can 
be checked by the conventional methods, and is con- 
trolled by filters of conventional design. For both 
frequency and amplitude checks it is important to 
prevent direct radiation from producing errors in 
calibration. This can usually be prevented by careful 
screening and by keeping the input impedance of the 
amplifier and the output impedance of the oscillator 
and attenuator low during calibration. 
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Measurement of Amplitude and Frequency Distribution 


The measurement of noise can then be carried out 
by direct reading of the output voltage, taking into 
account the setting of the amplifier attenuator and 
possible non-linearity of the metering circuit. With 
a more elaborate attenuator incorporating fine steps, 
measurement can be carried out in terms of inser- 
tion loss, with the meter adjusted to read as during 
calibration, i.e., full scale, or another fixed setting. 
This method is a little more cumbersome in use but 
offers far greater accuracy. 


A noise valve voltmeter as described in the fore- 
going paragraphs provides a means of making 
measurements of absolute noise figures, peak, linear 
mean and R.M.s, based on calibration and knowledge 
of the frequency response curve. The latter can 
easily be established by point-by-point computation 
from measurements at variable-frequency, constant- 
amplitude inputs. If only comparative measurement 
is required, such as for factory test purposes, a much 
suaniae type of equipment is often used. A repre- 
sentative example is shown in the block diagram, 
Fig. 6. Filter and monitor are omitted, although the 
latter, in form of a small c.R.T. is always very useful, 
and the low frequency response is kept low artificially 
by the choice of small coupling capacitors in the 
first two stages. In this way pick-up hum is reduced 
and the design of the jig for holding the resistor is 
simplified. This jig normally takes the form of a 
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Fig. 6. 
Block schematic of noise comparator 
































small screened box to accommodate the sample on 
test and often also the exchangeable standard resis- 
tors. A screened door is equipped with a gate-switch 
so that the input is short-circuited to safeguard the 
amplifier from overload during manipulation. When 
the resistors are inserted and the door is closed, the 
input circuit is again completed. It is important to 
design the mechanical components of the jig and it put 
leads so as to be of non-microphonic characteristics. 
This can be done by aiming at high rigidity and at 
the same time including shock absorbing mountings 
and acoustical damping. The higher the gain the 
more necessary is the greatest care in the design of 
the input circuits, mechanically, because at ampli- 
fications of more than 100 or 110 db normal co-axial 
cable, ordinary wiring, terminals and similar elements 
act as a especially when having a 
direct potential. 


Neither the extremely low audio-frequencies nor the 
high frequency end of the noise spectrum is included 
in the range of normal noise measuring equipment. 
So far as the low end is concerned, the band is not 
very wide, and is not of importance as a source of 
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interference, generally. The upper end, on the other 
hand, is still in the region where severe disturbances 
might be caused. Fortunately, the distribution of 
noise amplitude decreases with frequency, and the 
high frequency noise amplitudes are comparatively 
small, when resistors are carrying a current. 

The measurement of the frequency distribution of 
resistor noise can be carried out by means of the 
equipment shown in Fig. 7. If necessary after pre- 


| Noise 








Mixer Ist Detector Tuned V.V.M. 
omplifier 
ear} I 
Fig. 7. 


Circuit to measure the frequency distribution of resistance noise 


amplification, the noise voltage is mixed with a voltage 
of constant amplitude and known frequency. A beat 
will be produced with slightly different frequency 
components of the noise voltage, and after rectifica- 
tion only those frequencies which are in the two 
corresponding narrow bands to either side of the 
added wave of known frequency will contribute to the 
output from an amplifier containing a tuned low fre- 
quency filter. A similar system of frequency analysis 
can be based on an intermediate frequency method, 
using a crystal filter and operating in a manner some- 
what similar to the superheterodyne radio receiver. 
By variation of the frequency of the added voltage 
over the frequency spectrum, and observation of the 
change of output, a frequency characteristic of any 
desired width can be obtained within the flat part of 
the amplifiers and attenuators used. With the low 
frequency method and a low frequency filter resonat- 
ing at 30 c/s. with only a few cycles band width 
the side bands are only 60 cycles apart and need not 
necessarily be separated. With the intermediate fre- 
quency method, on the other hand, one of the side- 
bands has to be suppressed. 


Measuring Noise in Variable Resistors 
and Potentiometers 


The measurement of noise produced by variable 
potentiometers when these are moved from one set- 
ting to another while carrying a D.c. load, (in order 
to assess their behaviour when carrying a signal) is 
much sirapler than the measurement of noise produced 
by fixed resistors or stationary potentiometers, 
because the magnitudes of noise produced are suffi- 
ciently large to avoid extremely high gain. The chief 
problems are the determination of the most suitable 
output circuit and meter characteristics and the 
design of a jig to hold the potentiometer on test and 
to facilitate rotation of the spindle at a constant pre- 
determined speed. The determination of metering 
circuit constants is governed by the approximation of 
*‘ nuisance value’ indication. This is done by a 
diode detector circuit designed to indicate average 
noise voltages, but with a lengthened discharge time 
constant so that noise bursts lasting a fraction of a 
second will yet be indicated. With a meter of rela- 
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tively short time-constants, which is able to reach 
full-scale reading from zero in one-quarter or one-half 
second, the maximum deflexion for the three noise 
performances shown in Fig. 8, a, b, and c, will have 


| 








 tsec, (sec I sec 
° Cc 
Fig. 8. 
Types of response which the noise meter has to be capable of 
indicating 


the same maximum reading, for b and c of the same 
and for a slightly longer duration. In _ other 
words the peak values of averages taken over 
periods of about 0.1 second, but extended by a dis- 
charge-half-time of about one-quarter second are 
indicated. A meter with a slower time constant would 
not be able to follow the rapid changes as the rotor 
of the potentiometer is turned, and a short burst of 
noise (which is very noticeable when the potentio- 
meter is in use and a noisy spot is passed) would not 
be indicated. On the other hand, a faster discharge 
time would not allow even a rapidly indicating meter 
to follow up quickly enough. The compromise is 
governed by suppressing bursts of durations much 
shorter than one-tenth second, which will not be very 
noticeable. It is very useful to include also a peak 
value indicator, which can be done by switching the 
detector circuit, using the same diode and meter as 
for the average, with different R-C members. A com- 
parison of peak and average noise figures often yields 
interesting information for the interpretation of noise 
measurement results. Even more useful is the 
observation of noise traces during noise measurement 
as this often permits the location of the noisy area on 
the resistance track and even allows tentative 
diagnosis of the cause of rotation noise in some cases 
of excessive magnitude, 


Double beam C.R.O 








Noise trace 


amplifier, 


Resistonce- 











Rotation 
Trace. 



















Standard X plate 


potmr. 





Fig. 9. 


Circuit to give resistance rotation characteristic superimposed over 
noise trace 


A useful combination of noise measurement, noise 
observation and observation of the resistance rotation 
characteristic making the location of the noise area 
possible is provided by a circuit such as shown in 
Fig. 9. A double beam cathode-ray tube is used as a 
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Fig. 10. Fig. II. 


Circuits for measuring noise in a potentiometer whose sliding 
contact carries current (Fig. 10) and where all the current is carried 
by the resistance element (Fig. |!) 


monitor, with an X-shift provided by a standard 
potentiometer carrying a D.c, deflecting voltage large 
enough to provide a sufficient horizontal deflexion. 
The Y: plate is connected to a noise amplifier, the Y: 
plate to a direct coupled amplifier connected to the 
potentiometer on test. On the screen, the resistance 
rotation characteristic is seen superimposed over the 
noise characteristic, and a transparent graticule can 
be used, which is calibrated in terms of degrees, or 
per cent of full rotation. The spindles of the standard 
and tested potentiometers are connected by a connect- 
ing sleeve, and turned simultaneously. 


Another noise test which is sometimes carried out, 
and which needs a greater amount of amplifier gain 
is for microphony of a stationary variable potentio- 
meter. The potentiometer is inserted in the jig and 
tapped or vibrated slightly, and the increase in noise 
produced is measured. It is natural that certain types 
of potentiometers are more prone to microphony than 
others, according to the design of their constituent 
parts, 

In all these tests, it is important to distinguish 
between such applications where the contact carries 
an appreciable current, and those where the resistance 
element carries an appreciable current, but the sliding 
contact does not. Noise measurements serving to 
assess the suitability of variable potentiometers to 
operate under these conditions must be made with 
equipment designed accordingly. For the first case, 
therefore, the measurement is carried out as shown 
in Fig. 10. The series resistor Ry takes care of limit- 
ing the current and must be included, otherwise 
serious damage will result to the potentiometer on test 
when the potentiometer which is connected as a vari- 
able resistor approaches zero-setting. |The second 
case, representative of measuring noise from receiver 
gain controls (volume controls) is illustrated in Fig. 
11. No series resistor is necessary as the current is 
constant and only small amounts of a.c. pass through 
the moving contact. 


It is characteristic for the subject of noise measure- 
ment that a number of conventional techniques are 
applied in a considerably modified manner. In apply- 
ing these techniques it is important to realise that 
noise is a complex quantity of small magnitude, and 
that interpretation of figures obtained by measure- 
ment can only be reliable if the effect of all parts of 
the measuring equipment, electrical and mechanical, 
their properties and influence upon the resulting 
numerical meter indications is fully taken into 
consideration. 
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Pulse Amplifier for: Fast lonization 
Chambers and Proportional Counters 


A two-unit equipment particularly suitable 
for coincidence work and counting in the 
presence of a high background. 


PECIFICATION 120 issued by the Atomic Energy 

Research Establishment, Harwell, describes the 
pulse amplifier Type 1049B, which has been designed 
primarily for use with fast ionization chambers and 
proportional counters. The upper half-power fre- 
quency of the amplifier is 2 Mc/s., thereby making 
the equipment particularly useful for coincidence 
work and counting in the presence of high back- 
grounds. There are two units: a head amplifier 
which may have its maximum gain set to 100 for 
ionization chamber work or 5 for proportional 
counter work: and which also contains an E.H.T. 
filter unit; and a main amplifier with a maximum 
gain of 10,000 and which contains all the necessary 
power supplies. 


The technical details of the two units are as 
follows :— 


Main Amplifier 


Maximum gain 10,000 with provision for a reduc- 
tion to 100 in minimum steps of 2 db. 


Input impedance 100 ohms. 


The time constants of differentiation and integra- 
tion, separately adjustable on two switches, may be 
set to any of the following values: 0.08 #s, 0.16 Hs, 
0.32 Hs, 0.8 Hs, 1.6 Hs, 3.2 Hs and 8 Hs. These figures 
correspond to an overall frequency coverage for the 
amplifier of 2 Mc/s. to 20 ke/s. respectively. 


The main amplifier will deliver a maximum 
position output pulse of 50 volts with a linearity over 
this range not worse than 1 per cent. 


The maximum signal ever likely to be fed into 
the main amplifier will be approximately 1 volt 
(10 mA into 100 ohms) and this will give rise, on 
full gain, to an overload of 200 times. The amplifier 
is designed to handle this overload factor without 
appreciable paralysis. Overswings on the pulse, 
which may also cause overloading of the later stages 
in the amplifier, are similarly catered for. 


There is no provision for phase reversing in the 
main amplifier and for a positive output pulse the 
nominal input is negative. 


Head Amplifier 


Maximum gain is 100 for ionization chamber use, 
and 5 for proportional counter use. The head ampli- 
fier has a gain frequency characteristic substantially 
flat over the range 50 c/s. to 2 Mc/s. There is also 
provision in this amplifier for phase reversing, this 
being accomplished by a simple interchange of leads 
inside the unit. 


An £.H.T. filtering circuit is built into the head 
amplifier, and this may be used with both ionization 
chambers and proportional counters. 

Full details can be obtained on request to 
A.E.R.E., Harwell, Berkshire, quoting Specification 
120. 
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Part Ill 


The Controller 


N electronic a.c. stabilizers the controller usually 
consists of saturated reactances or high vacuum 
valves. The former” were tried by the author 
and abandoned due to the following disadvantages : — 


1. Serious distortion is caused due to the non- 
linear property of the reactance producing a 
highly distorted voltage across the reactance 
and therefore distortion of the stabilizer output 
voltage. 

2. The maximum voltage drop across the reactance 
depends on the current, so that the range of 
input voltage covered by the stabilizer depends 
on the load. 

3. A large drop is required across the reactance to 
cause appreciable changes in output voltage 
since, at unity power factor, this voltage is in 
phase quadrature with the supply voltage. 


4. The time constant tends to be large, causing 
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Circuit of controller (Arrangement A) 


Valves may be operated in a number of ways, but, 
since the power to be dealt with in the controller is 
usually large it is important that they are used 
efficiently, and also in such a manner that the dis- 
tortion produced is a minimum. Two methods have 
been used by the author and these will now be con- 
sidered in detail. The first method is the more 
universal in application, but the second can deal with 
larger powers, for a given valve dissipation. 
Arrangement A. 


The circuit of the controller is shown in Fig. 15 and 
from this it might appear that the circuit operates 
as a conventional push-pull output stage, as used in 
audio frequency amplifiers. As will be shown later, 
this is a long way from the truth. Most authors” 


dealing with valve controllers dismiss the operation 
of the circuit in a few lines, assuming that it operates 
in the normal manner. As no detailed account of 
the methods of operation of valves in controllers 
appears to have been given previously, the author 
will consider these in some detail. 

For simplicity, it is convenient to consider first a 
single valve operating under Class A conditions, fed 
in a similar way to that shown in Fig. 15. In normal 
stabilizers, since the change of input voltage is a 
small percentage of the input voltage (say 5 to 10 per 
cent), the maximum voltage across the controller is 
also a small percentage of the supply voltage. The 
current through the load (and through the controller, 
—_ the controller in series with the load) is 
practically independent of the magnitude of the con- 
troller voltage. Thus the controller current, for a 
fixed load, may be assumed constant independent 
of the grid drive to the valve. This is the main 
difference compared with the normal method of 
operation where the valve current (a.c. component) 
is approximately proportional to the grid drive. 


Considering Fig. 16, let A be the static operating 
point determined by the H.T. supply (Vac) and the 
grid bias on the valve (—20 volts).’ If the p.c. anode 
current is Isa, then the static power input, and there- 
fore anode dissipation, is Isa x Vas. If the valve 
were operated in the normal manner feeding a resis- 
tance load, the operating line or load line would be 
such as PQ, and the valve would be generating a.c. 
power, so that the anode dissipation would be reduced 
by the amount of the aA.c. power output. The 
maximum anode voltage and current would be 
limited in value and depend (for a fixed resistance 
load) on the magnitude of the grid drive. In the 
case of valves operating in the controller of a 
stabilizer the peak anode current is determined by 
the load on the stabilizer and, as has been shown, is 
practically independent of the grid drive. The peak 
anode current is shown by the two horizontal lines 
in Fig. 16, representing a peak anode current of In. 
For simplicity, it will first be assumed that the load 
on the stabilizer is resistive and that the grid drive 
is in phase or antiphase with the load current. If the 
grid drive is zero, then the valve will operate along 
the fixed grid bias line R-S and the a.c. voltage drop 
across the valve will be small. If the grid drive is 
in phase with the anode current the operating line 
becomes such as T-U or, with greater grid input, V-W, 
in all cases the anode current going between the fixed 
limits set by the horizontal lines. Since the anode 
voltage and anode current are in antiphase the valve 
is generating power, the voltage across the secondary 
of the controller transformer assisting the supply. 
Since the valve is now generating A.c. power, the 
anode dissipation will be reduced compared with the 
static case. 


If the phase of the grid drive is reversed so that 
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Fig. 16. 
Operation of controller (Class A) 











the anode voltage and anode current are in phase, the 
operating line becomes such as L-M and N-O, the 
valve absorbing power and the voltage across the 
transformer secondary now opposing the supply volt- 
age, so reducing the stabilizer output voltage. The 
anode dissipation is now increased above the static 
value by the amount of the a.c. power absorbed. In 
normal output stages the static power dissipation is 
usually made about the same as the maximum anode 
dissipation and, if this procedure is used for valves 
operating under the above conditions, the valve’s 
safe anode dissipation will be exceeded in the case 
where the controller is bucking the supply voltage. 
Further, since I, is more or less constant, if the grid 
drive of the valves increases above normal (due to 
the input voltage to the stabilizer increasing so that 
it is outside the normal range of operation) the 
operating line becomes more and more horizontal 
and, since it must also go between the fixed current 
limits, the anode voltage swing will increase and very 
excessive anode voltages may result. This may 
either damage the transformer or valves. If the 
stabilizer is operating on a reactive load it can be 
shown that the operating lines become ellipses, but 
the same general remarks apply. 

In practice it is preferable to use two valves 
operating Class B push-pull, as the efficiency can then 
be increased, and this is extremely important due to 
the large powers normally involved. Considering now 
the operating conditions under Class B, point A of 
Fig. 17 is the static operating point and the horizontal 
line is again the limit of anode current In, as fixed by 
the load. With a resistive load on the stabilizer and 
no grid input, the operating line, for one valve for 
one half-cycle, will be A-Q. Under the conditions of 
the controller boosting the supply, the operating line 
becomes a line such as A-P. Under the conditions 
of bucking the supply, the operating line becomes a 
line such as A-R. If the load on the stabilizer is 
reactive the operating line becomes half an ellipse, 
one case being shown dotted. 

Let ¢ be the angle between the a.c. anode voltage 
and the a.c. anode current. (This is not exactly the 
same as the angle between the grid drive and the 
anode current due to the impedance of the valve, but 
depends on the power factor of the load in a similar 
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way and is not very different under the maximum 
voltage conditions.) 
Let ia = I. . sin 9 
and va = Vea + Va sin (9 + ¢) 
where I. is the peak a.c. anode current 
V. is the peak a.c. anode voltage 
Then 
instantaneous power w=[Vat+Va sin (9+¢][I. sin 9] 
= [,Vaa sin 9 + InVa sin © . sin (8 + ¢) 
= [.Vaa sin 9 + I.Va/2 cos $—I.Va/2 cos (2° + ¢) 


Then the average power per valve (no current flow- 
ing on the negative half-cycle of anode voltage) 


T 
= 12m f (iV. sin 9 + 1.V./2 cos ¢ 
Oo 


—I.V./2 cos (28 +¢%)]d® 
1/27 [2 TaVaa + (IaVa7 cos ¢) / 2] 
= [aVaal/T + (LaVa COS P) [4  ..cccececcecees (1) 


This will be a maximum when the controller is buck- 
ing the supply, i.e., the valve receiving A.c. power, 
which is when ¢ = 0 and a minimum when the con- 
troller is boosting the supply, i.e., ¢ = 180°. 

In order to operate at alt power factors without dis- 
tortion, Vaa must equal Vamax where Vamax is the 
maximum A.C. anode veltage allowable and it is con- 
venient to make Vea = Vamax. Under these condi- 
tions the anode dissipation of the valve under the 
conditions of maximum A.c. anode voltage is 

TaVamax (1/7 + i cos ¢) 
when ¢ = 0, the condition of maximum anode dis- 
sipation, this becomes :— 


0.57 Is Vamax 
or, IaVamax = 1.76 x maximum anode dissipation 
per valve 


0.88 x maximum anode dissipation of 
both valves. 


Now the maximum volt-ampere input to the con- 
troller is Is / V2 Vamex/ V2 from which we obtain the 
result that the :— 

Maximum controller volt-ampere input is 0.44 x Wamax 
where Wamax is the maximum anode dissipation of 
both valves. The maximum volt-ampere output of 
the controller will be somewhat less than this, since 
the anode swing in the opposite direction will not be 


Vamax but probably 3 Vamax. Therefore the volt- 


ll 


ll 


Fig. 17. 
Operation of controller (Class B) 
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ampere output of the controller becomes } x 0.44 x 
anode dissipation of the two valves. 
The total change of volt-amperes produced by the 
controller is therefore 
(1 = 3) x 0.44 x Wamax 
0.77 x Wemax 


This method of operation results in a larger change 
of controller volt-amperes than if the valves were 
operated under power output conditions only, as in 
a normal amplifier. It is extremely important that 
the grid drive is not allowed to exceed the value 
which makes the anode swing equal to Vamex or the 
anode dissipation will be exceeded and excessive 
anode voltages will be produced. 

It is easily shown that the power from the D.c. 
source is ].V.a/7, the first term of Equation (1). The 
second term represents the power from the A.c. source. 
Thus the mean D.c. anode current is proportional to 
I., the peak a.c. anode current, which is proportional 
to the load current of the stabilizer. This variation 
of the mean anode current causes difficulties, since 
if this method of operation were used it would be 
necessary to design the H.T. supply with a good 
regulation from no load to full load. To overcome 
this difficulty it is possible to use automatic (cathode) 
bias for the valves. The cathode resistance (suitably 
bypassed by a capacitor) is designed to give the 
required bias corresponding to point A (Fig. 17) when 
the full current is taken from the stabilizer. When 
the load is reduced, the a.c. anode current decreases. 
This would result in a decrease in bias, but this causes 
the operating point to change to a point such as S, 
so that a steady anode current now flows (i.e., the 
valve changes towards Class A operation) and the 
mean anode current is approximately constant. The 
loss of efficiency due to this change towards Class A 
operation is not important, because with the reduced 
load current of the stabilizer the maximum power to 
be handled by the controller is reduced in proportion, 
the maximum change of controller voltage being 
fixed. 

This arrangement of the controller has the advan- 
tages that it will operate equally well at all power 
factors from zero lag to zero lead, and from all loads 
from no load to full lead. It has the disadvantage 
that the power change that can be controlled is only 
about three-quarters of the anode dissipation of the 
two valves. For greater power outputs a number of 
valves may be operated in parallel. 


Arrangement B 


This arrangement is based on the fact that if two 
resistors, one fixed and one variable, are connected 
in parallel and fed with a constant current, maximum 
power is dissipated in the variable resistor when it 
has a value equal to that of the fixed resistor. The 
voltage drop is then one-half of the maximum value, 
obtained when the variable resistor is made infinite. 
The maximum power dissipated in the two resistors 
is equal to four times the maximum value dissipated 
in the variable resistor. Thus, if this arrangement is 
used as the controller the power change of the con- 
troller will be four times that of the rating of the 
variable element. The variable resistor is replaced 
by two valves, acting as a variable resistor, so that 
the total controller power will be theoretically four 
times the dissipation of the valves. Owing to the 


fact that the valve resistance cannot be reduced to 
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zero, the practical figure is about three times the 
anode dissipation, a considerable improvement in this 
respect on arrangement A. 
he actual circuit used by the author is shown in 
Fig. 18 where the two valves V; and Vs are operated 
under conditions of no D.c. bias or D.c. anode voltage. 
The valves are connected in parallel with the two 
resistors Rs and R:. For simplicity, assume that the 
valves are triodes having the characteristics shown in 
Fig, 19. Assuming that the load on the stabilizer is 
constant, the line representing the peak anode current 
is P-Q, being zero when the valve has an infinite 
resistance as at Q, and being the total current when 
the valve has zero resistance as at P. With no grid 
drive the bias is zero and the operating line is there- 
fore O-S, with only a small voltage drop across the 
valve. As the grid drive is increased (in opposite 
hase to the anode voltage and current) the operating 
ine becomes such as O-R, O-T and finally 0-Q. 
Maximum power is dissipated in the valve when it 
operates along the line O-R, R being the centre of 
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[Fig. 18. 
Circuit of controller (Arrangement B) 


P-Q. For efficient operation, § should be as near P 
as possible and the valve should therefore have a low 
A.C. resistance, but, at the same time, the valve must 
withstand the high anode voltage corresponding to 
point Q. No suitable triode appears to be manufac- 
tured, so the author had to turn to pentodes or beam 
tetrodes. A normal pentode characteristic is quite 
unsuitable for the purpose, but a pentode can be 
made to have a dynamic characteristic similar to that 
of a triode by supplying the screen grid with a con- 
stant A.c. fx: Serang in phase with the anode voltage, 
from a separate supply, as is shown in Fig. 18. The 
resistors R: and R: are included in order to obtain a 
suitable characteristic and also to prevent the screen 
dissipation becoming excessive when the anode volt- 
age is low, as at point S or if the load current is 
reduced. In order to make use of the full anode dis- 
sipation of the valves, the anode voltage at Q must 
be high and also the peak anode current at S must 
be high and a suitable valve must be chosen that 
will stand this method of operation. Beam tetrode 
valves with an anode dissipation of 85 watts have 
been operated in this manner in a complete stabilizer, 
using a peak anode voltage of 1,400 and a maximum 
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Fig. 19 
Operation of controller (Arrangement B) 


controller power of 240 watts for over 1,200 hours 
without the valves showing any marked deterioration. 

As there is no bias on the valves it is desirable to 
feed only the negative half-cycle to the grid or grid 
current will flow. One method of doing this is shown 
in Fig. 18. When point A becomes positive with 
respect to B the diode valve V: will conduct and the 
full half-cycle will be developed across the resistor Rs 
and fed > cy the grid stopper Rs to the valve Vs. 
On the other half-cycle V2 will be conducting and the 
full negative half-cycle will be fed to the valve Vs. 
In this way the full transformer voltage is fed to the 
valves on the negative half-cycles. 

This type of controller has the following advan- 
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tages :— 

1. Large power control relative to the maximum 
anode dissipation of the valves. 

2. No need to limit the grid drive as the circuit 
is self-protecting. The anode voltage cannot rise 
above that corresponding to point Q. 

3. No u.T. or grid bias supplies are required, 
but has the following disadvantages :— 

1. Will only operate on a power factor near unity 
as the anode voltage must be approximately in phase 
with the fixed screen grid voltage supply, and, at 
low power factors, since the voltage drop across the 
valve must be in phase with the current (since they 
ean only act as resistors) it has a small effect on the 
output voltage. 

2. Only operates successfully on approximately 
constant load as the maximum voltage drop across 
the controller is proportional to the current. This 
may be partly overcome by using a tapped controller 
transformer. 

8. The stabilizer output voltage must be less than 
the input voltage. This can be overcome by using 
a boosting transformer in the input to the stabilizer, 

This type of controller enables a rather simplified 
stabilizer to be produced for large power outputs, but 
is of limited application. 

Having ounndarell the indicator and controller in 
some detail a complete stabilizer will be described in 
the next part. 
7T. A. Ledward : ** A.C. Voltage Stabilizer,”’ Wireless World, 49, p. 166, 1943. 


(To be continued) 





Positive Feedback in A.F. Amplifiers 


By C. H. BANTHORPE (Central Equipment, Ltd.) 


ENERALLY speaking, positive feedback in 4.F. 

amplifiers is avoided as far as possible, but it 
can be used to compensate for loss in gain due to 
negative feedback, and effect a saving in cost and 
space. 

One such application, used by the writer, is shown, 
and will be seen to be in the a.F. stages of a broad- 
cast receiver. 

The cathode decoupling capacitors, usually 25 uF, 
are bulky and, of course, expensive. They also 
deteriorate, particularly in sets which run fairly hot; 
for instance, universal receivers in plastic cases. 

If they are omitted, there will be negative feed- 
back on both stages, and considerable loss of gain. 
If, however, positive feedback is introduced by 
means of a suitable resistor between the two 
cathodes, this will restore the gain. It is possible 
to calculate the value of the resistor, knowing all the 
factors, but it is probably easier to use a variable 
type, set it to the value which restores the gain, 
measure the value and substitute a fixed resistor. 

As the cathode resistor of the double-diode-triode 
is in the diode load circuit, it must be decoupled by 
a small capacitor. In the arrangement shown, the 
volume control is in the grid circuit of the output 
valve. This is a good place for it as any inherent 
noise will be much less noticeable. It cannot usually 
be fitted in this way as there is a danger of the 
double-diode-triode being overloaded on strong 








signals, unless there is very good A.v.c., or unless 
A.v.c. is applied to the triode. Not many double- 
diode-triodes have suitable characteristics, however. 
With the arrangement shown, the over-load point is 
high as it is the output stage which overloads first 
if the gain control is at maximum, and when the gain 
control is turned down, the triode has more and 
more negative feedback applied, and can thus handle 
larger grid swings, as in a cathode follower. 

To reduce still further the chance of trouble due 
to the volume control becoming noisy, the output 
valve could be a.c. coupled to the volume control. 
This prevents any grid current flowing between the 
slider and track, which is one cause of noise in 
controls. 
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Multiplier Phototubes .. . 


in Scintillation Counters 


By R. E. B. HICKMAN 
RCA Photophone, Ltd. 


O NE of the most important recent advances in 
devices for the detection of nuclear radiations is 
the scintillation counter. While at present it is 
rather complicated and requires more elaborate cir- 
cuitry than the Geiger-Muller counter, it is for many 
purposes superior to the older type of detector. 


Principle of Operation 


In its simplest form the scintillation counter™ is 
illustrated in Fig. 1. A is a transparent phosphor 
crystal, which emits a flash of light when it absorbs 
a high energy nuclear particle such as an alpha, beta 
or gamma ray or a neutron. Many crystals have 
this property. Organic phosphors which have proved 
useful are inaktiiolene, anthracene and phenanthrene. 
Inorganic phosphors are slower than the organic 
ones, but more durable. Calcium tungstate, potas- 
sium iodide, thalium activated sodium iodide and 
silver activated zinc sulphide have all been used. The 
flash of light so produced falls on the multiplier 
phototube B producing photoemission from its photo- 
cathode and a current pulse in the output. This 
— is amplified at C and passed through a pulse 

eight discriminator D to a count rate indicator E. 


Suitable phosphor crystals can be found with a 
flash duration time of 10-° or 10-° seconds. These 
times are long compared to the processes involved in 
the multiplier tube, so that the resolving time of this 
type of counter can be made a small fraction of a 
microsecond, which compares with the 50 to 100 
microseconds resolving time of a Geiger counter. This 
very short resolving time is one of the major advan- 
tages of the scintillation counter. Another important 
advance is that crystals are available which can 
convert nuclear radiation, and especially gamma-ray 
radiation, to which a Geiger counter is very insensi- 
tive, with many times greater efficiency than a 
Geiger counter, 


Dark Current Pulses 


The pulse height discriminator is necessary because 
a multiplier phototube even in darkness emits many 
random pulses which must be excluded from the pulse 
rate counter. By choosing a suitable phosphor and 
employing a wide aperture optical coupling to the 
photocathode it is possible to make the pulses due to 
scintillation larger than the majority of the dark 
current pulses. Within limits, the dark current 


Fig. |. 
Block schematic of the’scintillation counter 
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itself does not interfere with scintillation counting. 
It is the fluctuations in this current which are 
troublesome. 

The dark current consists mainly of thermionic 
electrons emitted from the photocathode and multi- 
plied by succeeding dynodes. Other contributory 
causes are ionization of residual gas, cold discharge 
from irregularities on electrodes and ohmic leakage. 
An average value of dark current for a multiplier at 
room temperature and operating at 100 volts per 
stage is one microampere, while exceptionally good 
tubes may have as little as 0.05 microampere. 

Using commercially available multipliers such as 
type 931, it has been found that there are approxi- 
mately 600 pulses per second of height equal to one 
unit of charge or greater. The current represented 
by these pulses is less than 1 per cent of the total 
dark current of the phototube, the remainder con- 
sisting of very small pulses which are below the 
amplifier noise level. 


Factors Affecting Pulse Rate 


The dark current pulse rate depends to a marked 
extent on the temperature of the phototube. Cooling 
the tube decreases the pulse rate considerably so that 
at temperatures in the region of the freezing point 
of water, the pulse rate is reduced to 5 to 10 per 
second. 

When the gain of the multiplier is raised by 
stepping up the overall voltage on the tube, the 
number of pulses per second of a given height in- 
creases. When the voltage exceeds a certain value, 
the number of large pulses increases owing to cold 
discharge phenomena. 

Multipliers having a high pulse output may have 
their pulse characteristics modified by placing an 
external electrostatic shield ground the glass en- 
velope. With the shield at potentials up to 800V 
negative relative to the collector of the multiplier, 
the pulse rate decreases. Making the shield more 
negative causes an increase in the dark current pulse 
rate. This shield effect is not appreciable with the 
type 1P28 multiplier phototube which has an envelope 
of high resistance glass. It has been found that this 
expedient can be used to reduce the dark pulses from 
a particularly noisy multiplier tube, but that it does 
not greatly improve the performance of an inherently 
good tube. 


Pulse Output Under Light Stimulation 


The nature of the pulse output of a multiplier when 
stimulated by light is of equal importance with its 
dark current performance in determining its suita- 
bility as a scintillation counter. In general, it is 
found that the distribution of pulse heights obtained 
from a light stimulated multiplier shows consider- 
ably fewer large pulses than it does for the dark 
current. The distribution curves obtained from 
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emitting spots in different parts of the photocathode 
are almost identical, although considerably higher 
voltages are required for efficient collection of photo- 
a originating from the outer edges of the 
cathode. 


It is possible from a curve of pulse height versus 
pulse rate to determine the background output of a 
detector. Given the maximum allowable background 
count for a given application, the number of photo- 
electrons required per scintillation to ensure detec- 
tion may be determined from a curve of pulse height 
versus number of pulses per photoelectron, 
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Because of the small area of the photocathode and its 
distance from the glass envelope, it is difficult to 
achieve good optical coupling to a crystal phosphor. 

Type 1pP21 is identical in form and design to type 
9314 but is specially selected for very high gain, very 
low dark current and a high degree of stability and 
uniformity. 

Type 1p22 is similar to type 9314 but its maximum 
spectral response is at 4200 Angstroms instead of 
4000 Angstroms. 

Type 1P28 is similar to 9314 but has a quartz glass 
envelope making it sensitive to ultraviolet radiation. 
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Circuit application of the Itiplier phototube illustrated at the beginning of the article 
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Choice of Multiplier Phototube 


Of the two principal types of multiplier phototubes, 
the static and the dynamic, only the former has been 
used to any extent in experiments in scintillation 
counters. Static multipliers may in turn be sub- 
divided into several classes, including magnetically 
focused, electrostatically focused and unfocused. Of 
these, the most generally useful for scintillation 
counting is the electrostatically focused’. Commer- 
cially available are the types 931A, 1p21, 1P22, 1P28 
and 5819. 

Type 9314 is a nine stage multiplier with a small 
internal photocathode. It has high gain, is normally 
stable in operation and of uniform characteristics. 


Type 5819 is a ten stage head-on multiplier photo- 
tube having on the glass end of the tube a large area 
(14 inch diameter) semi-transparent photocathode 
which is essentially flat. The internal structure is in 
general very similar to that of type 9314. The rela- 
tively large photocathode area permits a _ large 
optical coupling and very efficient colleetion of light 
from a large phosphor crystal. With a suitable phos- 
phor it is possible to make the scintillation pulses 
larger in amplitude than the majority of the dark 
current pulses, giving a greater reliability of count- 
ing. The spectral response of type 5819 is in the 
range 3000 to 6400 Angstrom units, with a peak at 
about 4800. In this region many of the organic and 
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TUBE TYPE | 931A | IP21 1P22 1P28 | 5819 

Photocathode Area (sq. cm.) ie 1.9 os Tr 
Wavelength Maximum Response (Angstroms) 4000 ua 4000 _ 4200 3400 4800 
Number of Stages 4 9 | 9 9 10 

" Volts Per Stage | 100 100 100 ~=| ~—«100 sey 90 
Current Amplification (Average) 1 x 106 2x 106 2xID jae | 6 x 10° 
Luminous Sensitivity (Average—A/I) ... | 10 | 80 | 0.6 5 {2 
Anode Current (Average—mA) ... | 1.0 | 0.1 | 1.0 0.5 | 0.75 
Anode Dark Current (Max.—,A) i = ae | 0.25 0.1 . 0.25 0.25 0.05 
Base ... | Sub-magnal ge II pin Diheptal 14 pin 











inorganic phosphors respond efficiently to radio-active 
excitation. 

A list of the most important characteristics per- 
tinent to usage in scintillation counters of the above- 
mentioned multiplier phototubes is given in the table. 
Circuit Arrangement 


In a great number of cases circuits used in scin- 
tillation. counters are unique to the experiment being 
performed, but some general considerations are given. 

To satisfy conditions for electrostatic focus, the 
voltage steps, between successive dynodes, for multi- 
plier phototubes of the types 9314, 5819, etc., should 
be sensibly uniform. Normally steps of 70 to 120 
volts are used. Sometimes, however, a slightly higher 
step is used between the photocathode and the first 
dynode to ensure good collection, and higher voltages 
may be used on the later stages to obtain increased 
gain without an over-large corresponding increase 
in the dark current pulse rate. The voltage source 
should be of a high order of regulation, since a given 


percentage variation in overall voltage will produce 
approximately ten times that variation in gain. It 
has been found most practical to obtain the required 
voltage steps from a resistive voltage divider, which 
may take the form of small resistors soldered directly 
to the multiplier tube socket. The overall resistance 
of such a potential divider should not be less than 
one megohm nor more than about 100 megohms. It 
may be found advantageous to by-pass, using small 
capacitors, the resistors feeding the final stages of 
the multiplier. In most instances it is recommended 
that the positive high-voltage terminal be earthed 
‘rather than the negative terminal. Fig. 2 shows a 
full-wave rectifier power supply circuit which will 
give excellent regulation and minimum hum modu- 
lation.’ . 
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Optical Mapping of the Space-Charge 


Field in a 


A> accurate, sensitive technique for _ experi- 
mentally determining the electric-field distribu- 
tion and space-charge density within a magnetron has 
been developed by D. L. Reverdin at the American 
National Bureau of Standards. The new method, 
which is also well suited to investigations of electron- 
optical lenses, gas discharge, and other space-charge 
problems, is a modification of the electron-optical 
shadow technique’ recently developed at the Bureau 
for the quantitative study of minute electric and mag- 
netic fields|§ A magnetic lens is used to produce 
shadow images of two fine wire screens placed at 
either end of the magnetron in the path of an elec- 
tron beam. Then, from the distortion in the shadow 
network caused by deflexion of the electron rays as 
they pass through the magnetron field, the radial 
electric field is computed. These results are used to 
obtain the space-charge distribution. 

The magnetron is a vacuum tube widely used for 
generating power at microwave frequencies. In its 
elementary form, it consists of a cylindrical cathode— 
ordinarily a straight-wire filament—and ‘a coaxial 


Magnetron 


cylindrical anode. The tube functions under the joint 
action of an externally applied magnetic field and the 
electric field created by applying a direct current 
potential between the anode and cathode. 

The high space charge density within a magnetron 
is known to ive an important bearing on perform- 
ance. However, very little is actually known con- 
cerning the electric field distribution and space charge 
configuration within the tube. Although the problem 
has been investigated theoretically. by many workers, 
the formidable mathematics involved has not per- 
mitted an exact solution, and the various simplifica- 
tions of the theory that have been suggested have led 
to widely divergent results. Attempts at direct 
measurement have also proved unsuccessful, because 
the very critical symmetry of the field under study 
was disturbed. A promising approach to the problem 
has now been provided by the method developed at 
the Bureau. This technique has been used to map 
the charge distribution within a cut-off or steady-state 
magnetron. Further application to oscillating mag- 
netrons should lead to a much better understanding 
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of their operation and should yield information of con- 
siderable value to the engineer who ‘is interested in 
designing improved types of magnetrons or in predict- 
ing the performance of existing types. 

The Bureau’s method uses an electron beam as a 
probe but keeps the charge density of the probe beam 
small compared to the space charge in the magnetron. 
Thus, the field under study is undisturbed. An elec- 
tron gun sends the beam axially through the tube. 
Coaxial coils surrounding the magnetron provide a 
homogeneous magnetic field for the operation of the 
magnetron, and at the same time act upon the beam 
as a convergent magnetic lens, bringing it to a focus 
beyond the tube. Two fine wire screens are placed 
in the path of the electrons, one just in front of the 
magnetron, the other just beyond the back focus of 
the beam. A complex shadow pattern, due to the two 
wire screens, is then formed on a fluorescent screen. 
When the direct current potential across the magne- 
tron is zero, the pattern is undistorted. However, 
when an electric field is applied to the magnetron, 
the shadow network on the fluorescent screen becomes 
quite distorted; and theoretical analysis of this effect 
has related the distortion of a given part of the pat- 
tern to the intensity of the electric and space-charge 
fields in the corresponding region of the magnetron. 

In practice, photographs are taken of the shadow 
network, both in the undistorted and distorted form. 
The changes i in the paths of the electron rays as they 
pass through the magnetron are then determined 
from measurements of the shadow patterns and the 
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geometrical constants of the system, such as the 
positions of both wire screens, the magnetron, and the 
electron source, and the number of meshes per unit 
length of the wire screens used. From the deflexion 
of an electron ray entering the magnetron at a given 
radial distance from the centre, the strength of the 
electric field in the corresponding region of the magne- 
tron is computed. 

In comparison with previous methods using a pencil 
beam of electrons but no optical system, this method 
is much more sensitive and accurate. It also has the 
advantage of giving a complete field map in a very 
short time. The _— ipal source of error lies in the 
uncertainty regarding the configuration of the electric 
fringe field at either end of the magnetron under 
space-charge conditions. 

The Bureau’s study of the field within a steady- 
state magnetron indicates that the actual space- 
charge distribution differs considerably from that pre- 
dicted by the theorists. A number of different shapes 
of space-charge configuration were observed that are 
closely related to the symmetry of the magnetron. 
A certain lack of sharpness noted in the patterns 
gave a visual indication of the noise in the tube. This 
suggests further extension of the method to learn 
more about the problem of noise in an oscillating 
magnetron. 

—National Bureau of Standards Technical Bulletin, 
34, 57, 1950. 


; : 4 Reference 
1 Electronic Enzineering, 22, 68, 1950. 


The beam of electrons from an electron gun serves as a probe for mapping the magnetron field. A magnetic electron lens, the field of which 
is produced by two coaxial coils surrounding the magnetron, is used to form shadow images (on the fluorescent screen) of the two fine wire 


screens placed in the path of the beam. The same magnetic field serves for operation of the magnetron. 


Deflexion of the electron rays by 


the magnetron causes distortion in the shadow network, which may b2 measured, and from which the electric-field and space-charge distri- 
bution are computed. 
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Grid Amplifier 


An Analysis of the Essential Characteristics and Performance 


By J. ROORDA 


N every amplifier stage the grid circuit, the anode 

circuit and the valve have one connexion point in 
common. Ordinarily this common point is grounded, 
or at least kept at a constant potential with respect 
to earth. 

This consideration is the reason for classifying the 
amplifiers in three main types: 

(a) The grounded-cathode amplifier; this is the 
classic type of amplifier circuit in which the grid 
circuit, the anode circuit and the valve have the 
cathode of the latter as common point. 


(b) The grounded-anode amplifier; this type of 
amplifier circuit, having the anode of the valve as 
common connexion point with the input and output 
circuits, is more generally known by the name of 
cathode follower. 

(c) The grounded-grid amplifier; in this type of 
amplifier circuit the control grid of the valve is the 
common point between the grid circuit and the anode 
circuit. 

The grounded-grid amplifier has certain advan- 
tages over the other types, especially when used as 
a high frequency amplifier. It is the main purpose 
of this paper to study the essential characteristics of 
the grounded-grid amplifier as an H.F. amplifier. 
This will be done on the following presumptions: 
the amplifier valve is a triode (or, more generally, 
a multi-electrode valve of which only the cathode 
and anode potentials vary with respect to the control 
grid) of which the working point and the working 
conditions are so chosen that it is a linear amplifier, 
i.e., the internal resistance p, the amplification 
factor # and the mutual conductance g are regarded 
as constants. Moreover, the interelectrode capaci- 
tances will be looked upon as being constant, i.e., the 
electron transit time in the valve and the impedance 
of the connecting leads to the electrodes of the valve 
are disregarded. 


Basic Circuit of the Grounded-Grid Amplifier 


The basic circuit of the grounded-grid amplifier 
is pictured in Fig. 1. In this diagram Vs represents 
the grid bias voltage and V. the voltage of the u.7. 
supply from grid to anode. The total p.c. voltage, 
working between the anode and the cathode is the 
algebraic sum of V. and Vz. 

The load impedance Z. is connected between the 
grid and the anode. Over this impedance the in- 
stantaneous anode voltage change ea with respect 
to the control grid is developed under the influence 
of the instantaneous grid voltage change e:, occurring 
between the cathode and the control grid. The 
voltage e. works in this sense, that an anode current 
increase (corresponding with a grid voltage increase) 
decreases the instantaneous anode voltage with 
respect to the instantaneous grid voltage, and 


reversely, of course. From this it will be clear that 
the instantaneous voltage change, working between 
anode and cathode, equals —e.+es. The instan- 
taneous anode current change can therefore be calcu- 
lated from: 
‘ = lade Ca—€x 
a & ez p 

As és is related to ia by ea = isZa, the instantaneous 
anode current change proves to be: 
_ (1+ 8?) ee 

P+Ze 
(1+#) ex 
rr (1) 
A= gp. 

From this we find for the voltage amplification of 
the valve: 





or: i. = 


P+ Za 
by using the well-known relation: 


_ (1+4) 4% 
P+Za 
Comparing this result with the classic formula for the 


A= éa/ ez 


‘ 





Fig. |. 
Basic circuit of the grounded-grid amplifier 


voltage amplification of the grounded-cathode ampli- 
fier, we see that by changing to the grounded-grid 
connexion the voltage amplification is increased in 
the ratio (1+#)/#; it looks as if the amplification 
factor of the valve were increased in the mentioned 
ratio by the change of connexions. 


Influence of the Interelectrode Capacitances 
on the Voltage Amplification 


In the above paragraph the voltage amplification 
was calculated without considering the interelectrode 
capacitances of the valve. Neglecting these capaci- 
tances, however, is only allowable if the frequency 
of the alternating grid and anode voltages is low or 
very low. For high frequency amplification the 
influence of the interelectrode capacitances cannot be 
ignored. In this case the grounded-grid amplifier 

must be represented as depicted in Fig. 2, with the 
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Grounded-grid amplifier with circuit ‘‘ strays’’ included 


ia 





omission of the supply batteries for V; and Vs. 

The alternating grid voltage with amplitude E, 
and angular frequency © gives rise to an alternating 
voltage across the load impedance Z. with amplitude 
E. and angular frequency ». 

From Fig. 2 we see that the load impedance Za is 
shunted by the anode-grid capacity C.x, so that the 
actual impedance between control grid and anode is 
represented by the admittance 

Y. = 1/Zs +5jCag eee ewedeesrrekeuaddcscecvene (3) 
On the other hand, the internal resistance p of the 
valve is shunted by the anode-cathode capacitance 
Cac, so that the actual internal admittance is: 

bg’ a 1/P+jCac cece eccccccccecccereecceees (4) 

For the purpose of calculating the voltage ampli- 
fication of the valve, the diagram of Fig. 2 can be 
redrawn as indicated in Fig. 3, in which the anode- 


———+ Ea 


a agi 


Fig. 3. 
Simplification of Fig. 2 for calculating voltage amplification 


b- mane 








cathode path of the valve is depicted as a constant- 
current generator, delivering the current g Ex, which 
generator is internally loaded by the admittance Yi. 
The instantaneous direction of the voltages and 
currents is found easily by assuming that the alter- 
nating grid voltage is in the phase that drives the 
control grid positive with respect to the cathode. In 
the opposite phase the direction of all voltages and 
currents is, of course, reversed. 

For calculating the voltage amplification, i.e., the 
ratio E./E:, we find, by applying Kirchhoff’s laws 
to the diagram Fig. 3: 





E; = E.—-1/ Yi Pohaselleucivaren eo Mositele wets (5) 
{e i OPM ca Sos siaaks war cotoasir sasees (6) 
A III Stirs) chav ssdndcuntcctvnsaveus (7) 
Eliminating I: from (6) and (7) gives: 
I= g E:—E.Ya 

and this value, introduced in (5), yields: 

4st 2S (8) 
a g Vi + Y. Peete ee eereeeerene 

or, by using the expressions (3) and (4), for Y. and Y: 
Z+1/P+jeCre (9) 


~ 1 /P+1/Zat+j0(Cre + Cos) 07 
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Assuming for the moment that Za is a constant, 
we see from (9) that the voltage amplification is 
decreased as the angular frequency is increased. At 
very high frequencies, when the capacitive terms 
predominate, the voltage amplification becomes less 
than 1, i.e., there is no more a voltage gain, but a 
voltage loss. 

For u.F. amplification the load impedance Z will 
generally consist of a tuned circuit. This circuit can 
be represented (see Fig. 4) by a resistance r shunted 
by a capacitor of capacitance C and by a coil of self- 
inductance L. With this configuration of elements 
the admittance of the circuit for an angular fre- 
quency © is: 

Y = 1/Z. = 1/r+joC+1/joL 

The voltage amplification is in this general case: 
mi 8+1/P+jeCac Lae: 
1/e+1/r+jo(C+Cact+ Caz) +1/joL 


. ; ; 
E 


F:g. 3. 
Representation of load impedance Za 











The voltage amplification will be a maximum when 
the conditions are so chosen that the imaginary part 
of expression (11) equals zero. This will be the case 
when the angular frequency “ or the constants of the 
circuit or both are so adjusted that the following 
condition holds: 

(g+1/pP) (C+ Cact+ Cas)—1/%L =MCac(1/P+1/ 7) 
This yields 

1 
= Sanaa Pes oe 
by Cac 1/e+1/r - 
C+Cact+Cae gt+i1/p 
Expression (12) therefore describes the condition for 
which the amplifier is tuned to resonance, thus giving 
the maximum attainable voltage amplification. The 
latter then proves to be: 
+1 1+u 
max = g [Pp a { ) Saree ey (13) 
1/e+1/r P+r 

As Amax is generally much larger than 1, we find 

that the part 


Wo 


~ L(+ Cec + Cuz) 











ee. . Seale 

C+Cact Cag g+1/p 
in expression (12) will be much less than 1, so that 
the condition for resonance is to a close approxima- 
tion given by 
Re sae 

L(C+ Cnt Cayo 

showing that the actual tuning capacitance consists 
of the parallel connexion of the circuit capacitance C, 
the anode-grid capacitance and the anode-cathode 
capacitance. 
The Input Admittance 


The input admittance of the grounded-grid ampli- 
fier can be calculated from the diagram Fig, 3 by 


putting 
Owe (15) 
As [5=L+k: ; L.=E.j¢Cec 3 1:=E Y.=E:. E./ Es. Ys 


Wo 
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=E,.AY. we find ( Y )yY 
: as 6+ 2 ude 
Ye=jCec + AY. ad Cec + VY: re y. 


This general formula does not give very much 
information about the character of the input admit- 
tance, especially on the chief point of interest, 
viz., if and in which circumstances the input admit- 
‘tance can have a negative real part, so that the 
primary condition of the amplifier becoming a self- 
excited oscillator exists. As we are specially in- 
terested in the performance of the grounded-grid 
amplifier as an H.F. amplifier we will investigate this 
type more closely. 

Combining (8) and (10) we get: 

Yi=1/r+jo(C+Coc)+1/joL 
and from (4): Yi=1/e+jeCs, yielding 
(g+1/P + jeCuc) {1/17 + jo(C+ Cac) +1/ jel} 


1/e+1/r+jo(C + Cr+ Cac) +1/joL 


Introducing the abbreviation 








V<« <a jeCxc + 


X=0(C+C.z + Cac)—-1/¢L Secbnn ese sensu ddnaneas (17) 
we get ’ 
ot.) £ i --@Cac 
YomieCn + (g+1/P+jeCo) {1/r+j(X--eCre) } 





1/e+1/r+jX 
The real part of the input admittance, that is the 
input conductance, works out to 
(g+1/p)X°—(g+2/p)eCuX + (1/e+1/7) 
Sire Sia {1/r(g+1/ 0) +e°Cac'} 


X?+(1/e+1/7)' 
CARI er reee eee eee (18) 
The input conductance as a function of X has the 
following appearance : 
is 0X BX +78 
G.=f(X)= X'+Y7 
in which 
a=g+1/p ] 
B=(g+2/P)eCae 
Y=1/e+1/r | 
8=1/7r(g+1/pP)+o°Ca® 


+ 





Gg 


ee ee 








Fig. 5. 
Graph of input conductance as a function of X 


The general form of the graph representing G; as 
a function of X is shown in Fig. 5. For certain posi- 
tive values of X in the region from X: to X: the input 
conductance can have a negative value. In this 
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region the amplifier therefore can become unstable, 
depending on whether the external grid-circuit con- 
ductance is smaller or larger in magnitude than the 
negative input conductance. Contrary, however, ta 
the other types of amplifier, with the grounded-grid 
amplifier the working conditions can always be so 
chosen that the input conductance never becomes 
negative. Apparently this is the best safeguard for 
stable operation. The following analysis makes this 
clear and at the same time gives the condition for 
absolutely stable operation independent of the 
external grid circuit conductance, 

The values X: and X:, bounding the region of 
probably unstable working conditions are determined 


by 
aX*—-BX+78 


f(X) = X?+*7 =0, 


giving 
12=B /2a+1/2aV B*—4ays 
If, and only if, X: and X: are different, real values, 
the graph of Fig. 5 crosses the X-axis, showing that 
the input conductance may become negative. If X:=X: 
the curve just touches the X-axis, and if X: and X: 
are complex numbers the curve does not intersect 
the X-axis. 
The condition for G;:=f(X) never becoming nega- 
tive is therefore 
B’ < 4ays 
or 
(g+2/p)'o°Ca?<4(g+1/p)(1/e+1/r) 
{1/r(g+1/p)+4°Ca’ } 
‘i See ee ee (20) 


From this we see that for a given valve and a given 
angular frequency the conductance 1/r of the tuned 
anode circuit can always be adjusted to such a value 
that the amplifier never can become unstable. The 
condition (20) is rather involved, but it can be simpli- 
fied considerably for practical purposes and for esti- 
mating fairly accurately the necessary value of r. 

First of all 1/p and 2/p are mostly very much 
smaller than g, so that they may be neglected with 
respect to g. With this (20) reduces to 


g'Cre S4(1 /e +1 Ir)(g/r+ @°Cac’) 
or 


{ g-4(1/P+1/1) } o'Crc?<4g/r(1/P+1/r) 


The first term containing *C..’ is much larger than 
the second, so that the above condition is certainly 


fulfilled if 
@'Cre’ <4/r(1/e+1/7) 
From this we get 
rs —_ 
a | + Vv 1 + (P@Cac)’ 
as the condition for absolute stability of the grounded- 
grid amplifier. 

Us-ng the maximum allowab‘e r according to (21) 
the maximum amplification which can be obtained 
with a grounded-grid t ned anode-circuit H.F. ampli- 
fier is, according to (18) 


Amax => 





ease Sucaish outeanbe (21) 


1+# 
1+ V1+ (P@C.)? 


This amplification is attained without the amplifier 
showing any tendency to instability. 





psemeemaceeten (22) 
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Instantaneous Direction Finding 


By J. RHYS JONES, M.B.E., M.I.E.E. 
(The Plessey Co., Ltd.) 


S INCE the earliest days of direction finding, there 
have been two incentives continually before 
designers: improved accuracy and greater speed of 
operation. In the ideal apparatus, the operation 
of a transmitter on the frequency to which the direc- 
tion finding equipment is tuned immediately results 
in a pointer swinging round on a dial or a trace 
appearing on the face of a c.R.T. giving the direction 
of the transmitter from the receiver. 

Consequently, in the late ’twenties, when a sug- 
gestion for an ‘‘instantaneous’’ instrument came 
from the Radio Research Board, considerable 
interest was aroused. This suggestion, in effect, 
recognized that if the N.S. and E.W. leads from a 
direction finding aerial system be connected to the 
deflecting plates of an_ exceptionally sensitive 
cathode ray tube, the plates being connected in the 
same pattern as the aerials, then a field will be 
created within the c.R.T. which is the counterpart 
of the field within the vicinity of the aerial system 
and, providing the face of the c.r.t. has been 
oriented correctly, the direction from which an 
incoming signal arrives will be correctly and in- 
stantaneously indicated on the face of said cathode 
ray tube. 

As there is no c.R.tT. of the order of sensitivity re- 
quired, it became necessary to introduce amplifica- 
tion between the aerial system and the indicating 
c.R.T. The mechanical and electrical design of this am- 
plifying system has to conform to rigid specification 
clauses to provide satisfactory performance, and the 
rigidity of these requirements put a brake on the 
adoption of this system of D.F. for general service. 

The required amplification is carried out in two 
main parallel chains, one chain functioning between 
the N.S. part of the aerial system and the N.S. 
deflector plates in the c.r.T. and the other chain 
functioning between the E.W. part of the aerial 
system and the E.W. deflector plates in the c.R.T. 
In order that the field created within the c.R.7. 
by the deflecting plates shall be a true and exact 
replica of that existing within the vicinity of the 
aerial system, it will be appreciated that these two 
amplifying chains must have identical amplification 
and phase change characteristics and must hold this 
equality at all settings of the gain control, and over 
the entire tuning range covered by the equipment. 

Should any change occur in either of these 
functions with the operation of any main control, 
means must exist to recognize the change, and to 
rectify the error. It is imperative, however, that 
any departure from the ideal be reduced to an 
absolute minimum, as the nearer the apparatus 
approaches the ideal specification, the greater the 
amount of traffic it can handle. 

In the mid ’thirties the Radio Research Board 
team again stepped into the limelight and demon- 
strated a satisfactory and operative receiver func- 
tioning on this system. This effort—a milestone in 
D.F. technique—had two disadvantages; it was 


powered completely by batteries and all its tuned 
circuits had individual tuning capacitors. This lack 
of a ganged tuning capacitor made the receiver 
virtually a single frequency apparatus, since a 
change in frequency, unless small, was not a rapid 
operation. A considerable effort was applied to 
overcome these disadvantages, and the _ success 
achieved was demonstrated by the use made of this 
apparatus during the war. 

The first successful commercially built apparatus 
of this type is shown in Fig. 1. This apparatus is 
of rack and panel construction and consists of two 
main racks, the larger carrying the receiver and 
having the operator’s desk fitted in front, and the 
smaller carrying the necessary power supply and 





Fig. |. 
Pre-war Cathode Ray direction finding apparatus 


control circuits, this equipment being entirely mains 
operated. 

The receiver part of this equipment was com- 
posed entirely of units, and as it had completely 
ganged tuning, the gang capacitor, which on this 
style of equipment is the heart of the system, was 
built as a very rigid structure and mounted direct 
on to the front panel. The individual tuning 
capacitors were placed in the most suitable geo- 
metric positions, and driven from the common tuning 
control shaft by steel belts, suitably spring loaded 
to avoid backlash. 

This range of receiver operated on the three 
amplifier principle, that is, there were three com- 
plete and separate receivers mounted horizontally on 
the main front panel, one above the other, one 
amplifying the N.S. component of the incoming 
signal, the second amplifying the E.W. component, 
and the third supplying the ‘‘sense’”’ signal. The 
only common feature between the three amplifiers, 
apart from the tuning drive and gain control, lay 








482 


in the fact that they used a common local oscillator 
for frequency changing purposes, which is usual with 
this class of apparatus. 

The purpose of the ‘‘sense’’ amplifier is to remove 
the ambiguity which exists in D.F. installations of 
most systems, by indicating which end of the trace 
to take as the bearing of the transmitter. This is 
done by also receiving the signal being checked on 
an omnidirectional aerial, which is positioned in the 
middle of the D.F. aerial system, suitably amplify- 
ing it (in this case by the third chain), and then 
applying the resultant voltage to the control grid 
of the cathode ray indicator tube. Providing the 
relative phase of the sense signal and the D.F. signals 
is suitably adjusted, the result will be to add to the 
brightness of the required end of the trace on the 
face of the cathode ray indicator tube, and subtract 
from the brightness of the other end, thus removing 
the ambiguity. 


Fig. 2. 


Improved Cathode Ray direction finding apparatus, of which 
compactness and operational convenience are features 


This class of equipment gave excellent service, but 
owing to its bulk and weight, and its limited wave 
range, was superseded by a more compact and versa- 
tile equipment, the naval version of which has been 
very completely described in the J.I.E.E., Vol. 9, 
Part IIa, No. 15. 

In this construction a seven gang capacitor is 
assembled on a horizontal base in a more or less 
orthodox layout, and sandwiched between the N.S. 
and E.W. chassis carrying the respective radio fre- 
quency amplifying and frequency changing portions 
of the circuit. The cathode ray tube is positioned 
just above the tuning capacitor, and the intermediate 
frequency amplifiers, circuit alignment facilities, and 
sense discrimination mechanism are suitably disposed 
around this basic arrangement. 

This construction (see Fig. 2) presents great con- 
venience operationally, as controls are well posi- 
tioned, the cathode ray indicator tube is comfortably 
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at eye level, and the circuits can be aligned 
sufficiently accurately and have adequate stability 
to permit watch being kept over a wide frequency 
band. 


Novel features of this equipment are :— 


1. The wide wave range covered—from long wave 
right through to 10 metres. 

2. To achieve this coverage, a composite aerial 
system has been evolved, consisting of an 
Adcock four mast arrangement, having crossed 
loops at the centre. The required system can 
be selected at will. 

3. The whole of the p.F. cabin is underground, 
symmetrically placed under the aerial system. 

4. An earth screen has been fitted which ensures 
that the excavation under the aerial system 
is prevented from having an influence on the 
accuracy of the bearing obtained. 

. The receiver has been fitted with plug-in coils 
throughout, to permit coverage of the wide 
frequency range needed. 

6. A test oscillator has been built into the control 
desk, to facilitate alignment of the D.F. receiver 
channels, to ensure maintenance of equality in 
gain and phase. 

7. A second test oscillator has been installed in 
the field, and is remote controlled. This oscil- 
lator checks the whole station, including the 
aerial system, with a locally generated incoming 
signal, and thus ensures station accuracy. 

8. This equipment, in common with the whole 
range of this type utilizes a, modified sensing 
circuit, which obviates the need for the third 
amplifier which was a feature of the early 
receivers. A _ three-position switch is fitted to 
the front of the receiver having the positions— 
“N.S. sense’—“‘D.F.’’—“E.W. sense’’. In the 
middle or ‘D.F.”’ position, the two chains 
operate normally, providing a bearing on the 
face of the c.R.T. complete with its ambiguity. 
On throwing the switch over to the ‘N.S. 
sense’ position, the N.S. amplifier chain is left 
connected normally, but the E.W. amplifier 
chain has its input connected to a vertical aerial 
and its output connected to the control grid 
of the cathode ray tube indicator. This circuit 
change leaves the N.S. component of the signal 
on the face of the c.R.T., while, with correct 
phasing the E.W. output cuts off the ambiguous 
end of the trace, thus indicating whether the 
North or the South end of the p.F. trace should 
be accepted. Throwing the switch to the other 
direction reverses the roles of the two ampli- 
fiers, and indicates whether the East or the 
West end of the trace should be accepted. 

One great advantage of this technique of direction 

finding lies in its ability to determine the separate 
directions of transmitters which are operating on a 
common frequency, and this feature led to the 
erection of a special D.F. station utilizing one of the 
eguipments just described to keep a check on the 
activities of European broadcast stations at the 
latter part of the war. This station was built at 
the B.B.C. site at Tatsfield, and came into the news 
recently, when the Russians put up a radio jamming 
barrage. 


or 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Planning V.H.F Mobile Systems 


Dear Sir,—I was interested to 
see the article on the above sub- 
ject by E. R. Burroughes pub- 
lished in your August issue. It 
would seem, however, that the 
scheme shown in Fig. 3 of that 
article is wasteful in the use of 
the limited frequencies available. 
No less than five frequencies are 
used, one of these being dupli- 
cated with a 15 ke/s. shift. 

A similar scheme for two fre- 
quency simplex as shown in 
Fig. A, using frequency modula- 
tion, needs two frequencies only, 
and the number of satellite 
stations may be increased with- 
out using any more frequencies. 
At each of the satellite stations 
the receiver and transmitter are 
linked so that the outgoing signal 
frequency is controlled by the 
incoming signal frequency. In 
this way all the satellite stations 

radiate at the same or approxi- 

mately the same frequency and 





with the same frequency devia- 
tion. 

No time delay circuits are used, 
as it has been shown that in the 
limited areas where the received 
signals are within 10 db of each 
other, intelligible speech is re- 
ceived even when a path differ- 
ence of 30 miles exists. 

Telephone land line links also 
are not required as would be the 
case in the author’s scheme if 
the linking frequencies normally 
required were not available. 

Regarding the choice of modu- 
lation and its dependence on the 
bandwidth available, with pre- 
sent techniques the system band- 
width is determined by _ the 
receivers, and not by the side- 
band components radiated by the 
transmitter. In current designs 
of F.M. mobile receivers the band- 
width is £15 ke/s., and for A.M. 
receivers slightly greater. The 
technique to be adopted is surely 
to design the receiver to have the 
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minimum bandwidth consistent 
with the components and quartz 
crystals available, and_ then 
occupy as far as possible this 
minimum bandwidth with useful 
intelligence required to be trans- 
mitted, hence giving the best 
possible signal-to-noise ratio. In 
this respect F.M. is to be pre- 
ferred to A.M. as the minimum 
receiver bandwidth can always 
be utilized to the full. 
Yours faithfully, 
E. G. Hamer, 
Wembley, Middx. 


DEAR Sir,— The twin diversity 
system in Fig. 3 was included 
primarily to show the operation 
of such a scheme as applied in 
practice. It will be recognized 
as being identical with the illus- 
tration of a multi-carrier system 
in Mr. Brinkley’s article and is 
typical of a large number of 
police services in operation in 
England today. 

The arrangement shown by Mr. 
Hamer can and has been used 
with amplitude modulation with 
the transmitter carriers staggered 
in frequency. No system of 
ensuring carrier synchronization 
is required with this system and, 
if necessary, the frequencies of 
the fixed-to-mobile go and return 
circuits can be nominally the 
same, whereas this is not practi- 
cable with the system shown by 
Mr. Hamer. 

The point made concerning the 
receiver bandwidth is, of course, 
fundamentally correct and with 
existing frequency channelling 
there is no great problem. If, in 
the future, the frequency bands 
are re-allocated with a smaller 
frequency spacing between chan- 
nels, it will be necessary to 
reduce the maximum deviation 
on F.M. in order to avoid inter- 
ference, with a consequent reduc- 
tion in its advantages. More 
stable circuits and crystals with 
a high order of frequency con- 
stancy will, of course, be required 


on both A.M. and F.M. 


Yours faithfully, 
E. R. BURROUGHES, 
Johannesburg, 


South Africa. 
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Radio and Television Trimming Kit 
(Illustrated below) 


A NEW aid in the trimm’‘ng and align- 
ment of radio and television sets is 
the Newman Master Set Trimmer Kit. 
This kit, measuring 4 in. square by | in. 
deep is pocket size and fitted with the 
following :— 

| End Trimmer, 

| Side Trimmer, 

| Yaxley Switch Contact Adjuster, 

| Low Capacity Trimmer, 

| Screwdriver, 

| Set of feeler gauges, 

| Set of six Box Spanners from | to 

8 B.A. 
| set of four Spanners from 0 to 8 B.A, 


j. and S. Newman, Ltd., 


100, Hampstead Road, 
London, N.W.|- 





Door-Post Monitor 
(Illustrated below) 


THs instrument has been designed to 
operate in conjunction with a 6 ft. 
G.M. tube mounted each side of a door- 
way leading into a laboratory where 
counting is taking place. The instru- 
ment will give visible and audible 
warning of any gamma-active material 
passing through the door. 

The sensitivity level is adjustable, as 
are the individual counter voltages 
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which are supplied by the instrument, 
and the ultimate limit of sensitivity is 
determined by the ‘‘ background ”’ of 
the laboratory in question. In an un- 
contaminated area a source of approxi- 
mately 50 micro-curies carried at 
normal walking pace will operate the 
alarm. The instrument gives warning 
also of counter or mains supply failure. 


Fleming Radio (Developments), Ltd., 
18-20 Laystall Street, 
London, E.C.1. 
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Automatic Fluid Level Control 


THe Elcontro! system of control for 
many types of electrical equipment 
replaces float switches, pressure bulbs, 
timers and pneumatic and magnetic 
float devices, etc. 

This system comprises a simple relay 
contro! unit and an electrode or probe 
system consisting of one or more metal 
rods suspended from suitable insulated 
terminal fittings to which the control 
unit is connected. There are no stuffing 
boxes, floats or other moving parts to 
wear and fail in operation. This feature 
combined with high sensitivity makes 
the system particularly applicable for 
controlling a wide variety of fluids 
ranging from bauxite-caustic slurry to 
aerated substances, such as yeastfoam. 
The makers claim that reliable operation 
within close limits is independent of 
temperature or pressure, and is un- 
impaired by the presence of debris, 
etc. 

The principle 
of operation is 
as follows: two 








metal elec- 
trodes, suspen- 
ded from in- 
sulating bushes 
mounted above 
the liquid, pro- 
ject to the high 
and low. levels 
between which 
a pump or 
other electrical 
auxiliary is re- 
quired to oper- 
ate. The probes 
are connected 
to the relay 
control unit by 
insulated wires 
contained in 
metallic con- 
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duit (see the figure centre). If the fluid 
in rising reaches the tip of the high level 
probe it completes the electrical circuit 
to earth. A minute current which flows 
in the circuit is amplified in the control 
unit to a magnitude sufficient to actuate 
the relay. The relay contacts control the 
pump motor either directly or through 
an automatic starter or contactor, and 
pumping is started or stopped as re- 
quired. A second set of relay contacts 
changes over the probe connexions to 
prevent further action taking place until 
the fluid falls beneath the tip of the low 
level probe, when the original condition 
is restored. The cycle is repeated auto- 
matically. Thus the arrangement caters 
for the maintenance of the fluid level 


_ between pre-determined limits. Similar- 


ly the use of a single probe gives high or 
low level indication, which can be 
suitably signalled by lamp or alarm as 
desired. 

A doubly wound transformer isolates 
the equipment from the alternating 
current supply and reduces the voltage 
applied to the probes to a very low value. , 


Elcontrol, Ltd., 
10, Wyndham Place, 
London, W.1. 
‘“‘Sphere”’ Adaptor Unit, 
S.C. 
(Illustrated below) 


HIS unit has been produced to 
eliminate the necessity for trouble- 
some, and often unsatisfactory, conver- 
sions of television receivers manu- 


Type 


factured for the ‘‘ London ”’ frequency, 
to enable these to be used for the recep- 
tion of the Sutton Coldfield transmissions. 

The unit is inserted between the 
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aerial and receiver, and has both input 
and output impedance of 80 ohms, the 
most popular di-pole termination im- 
pedance. Co-axial sockets are arranged 
at the rear of the unit, suitably marked, 
to take standard co-axial cable of 80 
ohms impedance. 

On front of the unit a control dial is 
fitted, to give a vernier discrimination 
between sound and vision channels. 
This should be adjusted to give a balance 
of sound and vision, with good sound 
quality, and full picture definition. 

With the unit in use, the ‘‘ London ”’ 
set is left intact and untouched, retaining 
its full ‘* design-efficiency ’’ being at the 
same time adapted to the Sutton Cold- 
field transmissions and. capable of first- 
class reception from the Sutton Coldfield 
station. 

It has a power consumption of |5 watts, 
working on a voltage of 110/230/250 
volts A.C. at 50/60 cycles. 

Sphere Radio Ltd., 
Heath Lane, 
West Bromwich. 





M.P.J. Filmeter 


A LIGHT, portable, robust mains oper- 
ated meter for measuring electrically 
insulated coatings, such as cellulose, 
enamels, glasses, sprayed plastics, etc., 
on any metallic surface. 

An important feature is the single 
contact head, in which the contacting 
electrode is a highly polished sphere, 
giving spot readings unaffected by 
moderate curvature of the surface under 
test. Readings are independent of alloy 
or thickness: of base metal. 

Various measuring heads, incorpor- 
ating a built-in standardizing capacitor, 
can be supplied to suit individual applica- 
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tions, these heads being connected to 
the indicating unit by a flexible cable. 
The meter can be scaled for various 
thickness ranges up to about 0.05 in. 
of coating. 

Once the meter is calibrated for a 
specific application, it is only necessary 
to contact the surface of the coating with 
the electrode, and press the button in 
the head to obtain a reading. There is 
little danger of damage to the most 
delicate finish, as the polished electrode 
only needs to contact it without pres- 
sure. 

With specially designed heads, the 
meter may also be used to measure the 
thickness of rubber or plastic sheet 
during manufacture, or other measure- 
ment applications which may be resolved 
into small capacitance changes. 


M.P.J. Gauge and Tool Co. Ltd., 
Hansons Bridge Road, 
Birmingham 24. 


The ** Quickdraw ”’ 
(Illustrated top right) 


HE ‘‘ Quickdraw ’’ is a new device 

which enables persons with little 
previous experience of drawing to make 
sketches, plans, or other outlines rapidly 
and accurately to scale. 

The pantograph, to which the template 
is necessarily attached, ensures that the 
principal lines are vertical or horizontal, 
whatever the position of the template. 
The shaped edges of the template enable 
lines to be drawn at any of the principal 
angles, including those for isometric 
‘‘ perspective ’’ sketches. Circles of 
various sizes may be drawn quickly and 
accurately, and small perforations in the 
instrument enable a number of equally- 
spaced horizontal lines to be drawn at 
intervals of 4} in. The scales are in 
fractions of an inch and in millimetres. 
The template and pantograph are made of 
plastic and are mounted on a light board 
contained in a portfolio. One drawing- 
pin only is required to secure the paper 
in position. The largest size of drawing 
possible is 13 by 10 in., but, of course, 
smaller reproductions are easily effected. 


The Quickdraw Co., 
127, Gunnersbury Avenue, 
London, W.3. 


New Hearing Aid with Automatic 
Volume Compression 
(Illustrated right) 

Ly idgeen of hearing aids have long 

been aware that there are many cases 
of deafness where the deaf person is able 
to tolerate only a lower maximum sound 
intensity than can a person of normal 
hearing. It is desirable in such cases to 
limit this maximum sound intensity to 
avoid discomfort, and this has been done 
by means of Automatic Volume Com- 
pression (A.V.C.). The same principle 
of A.V.C. can also be utilized to avoid 
over-loading of the output valve, the 
distortion of which will lead to a loss of 
hearing even for deaf persons who are 
able to tolerate the full output of the aid. 
In this latter case the A.V.C. is arranged 
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to go into action at an output level just 
below the maximum undistorted output 
obtainable from the output valve. In 
both cases the A.V.C. serves the purpose 
of retaining the whole of the sound 
output within the dynamic range of the 
hearing aid and of its user. 

The design of a hearing aid in which 
A.V.C. is to be really effective presents 
interesting electro-acoustic problems in 
addition to the design of the com- 
pression system itself. For instance, the 
microphone response must be flat, as 
otherwise there would be triggering of 
the A.V.C. system by relatively quiet 
sounds occurring at a frequency coinci- 
dent with a microphone resonant peak. 
Additionally, the earphone must also have 
a flat frequency response free from 
resonant peaks, if an A.V.C. system 
operating only from the electrical input 
to it is to produce an acoustic output not 
exceeding a pre-set pressure level. 

In the Model KA Amplivox a flat 
response microphone and earphone are 
used with A.V.C. applied at two alterna- 
tive levels selected by means of a switch. 
In the minimum A.V.C. position output 
is limited at about 5 db below the 
maximum possible output, thus avoiding 
distortion due to overloading the output 
valve. In the maximum A.V.C. position 
the output is limited at 10 db lower still. 


Amplivox Ltd., 


2 Bentinck Street, 
London, W.|. 
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The Structure of Matter 


By Francis Owen Rice and Edward Telles. 
361 pp. Chapman and Hall, 1949. Price 
30s. net. 


ROFESSOR Rice and Professor 

Teller have here set out to ex- 
plain in physical terms the funda- 
mentals of quantum theory and the 
way in which it is used to explain 
the structure of matter. Mathemati- 
cal analysis has been kept to a mini- 
mum with the object of emphasizing 
the qualitative concepts which are 
set out. There is no doubt that the 
authors have succeeded in producing 
a most valuable book. Most univer- 
sity courses on quantum theory are 
designed by the established mathe- 
matical physicist to teach the next 
generation of mathematical physi- 
cists methods and technique rather 
than the applications. Very few 
systems can be treated quantita- 
tively by the beginner so that the 
course ends with just those few 
systems treated. Even with these 
few systems the essentially mathe- 
matical treatment far too frequently 
leaves students capable—tempo- 
rarily—of producing the quantita- 
tive analysis without understanding 
the qualitative meaning of their 
work. For experimentalists such a 
reversal of their normal order of 
things is disastrous. A section of 
Quantum theory half-learnt in this 
way is perhaps not useless, but its 
usefulness is like that of Latin to the 
non-classical scholar; it develops a 
dogged persistence in time of trial 
which must be of moral value, and 
develops a growth of mental capa- 
city which might some time be 
applicable to something real, but is 
of little immediate advantage, 

To such a problem this book pro- 
vides an exceedingly satisfactory 
answer. The fundamentals of quan- 
tum mechanics are first dealt with, 
in a beautifully clear way. These, 
with their applications to the hydro- 
gen atom, take only two chapters 
out of thirteen. The explanation of 
the periodic system and the energy- 
relations of electrons in complex 
atoms leads on to the interaction of 
electrons in different atoms and the 
structure of molecules. A feature 
of the book of great significance, in 
view of the increasing amount of 
work which is now being carried out 
on the solid state, is the excellent 
series of chapters on dielectric pro- 
perties, Van der Waals forces, 
chemical bonds and the forces acting 
in solids. 

The discussion of spectra is not 
limited to those of hydrogen-like 
atoms, but deals also with mole- 
cular spectra and the excitation of 
crystal lattices and of conductors. 

The book ends with a most lively 
and stimulating discussion of the 
constitution and properties of nuclei, 
the state of matter and energy-pro- 
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duction in stars and of various 
theories of the origin of elements, 

In so widely-ranging a book there 
are bound to be one or two state- 
ments which are still very debat- 
able. Such are the suggestion of 
the linear accelerator as the best 
source of particles with energies of 
10°eV or more, or that meteorites 
probably originate from broken-up 
planets. A reference to _ the 
‘** equations of state ’’ in the index 
would be helpful to those who are 
used to the gas equations, Van der 
Waals’ equation, etc., but have for- 
gotten the more general term. 

Altogether the book can be most 
heartily recommended, and forms 
an outstandingly successful intro- 
ductory book to the Structure of 
Matter Series. 

J. H. FRemMun. 


An Introduction to the 
Theory and Design of Electric 
Wave Filters 


By F. Scowen. 188 pp. 71 diagrams. | 
table. (Second Edition revised). Pub- 
lished by Chapman & Hall. Price 18s. 


N this new revised edition the 

author has added a chapter which 
provides the first account in an 
English text book of the insertion- 
loss methods of design developed in 
America and Germany. 

The ‘reference filter’’ design 
technique is described in detail and 
a particular filter meeting certain 
specified performance requirements 
is designed as an _ illustrative 
example. No account is given of the 
thecretical foundation or the inser- 
tion loss method of design, but as 
the book is intended primarily for 
the practical filter designer this is 
not a serious criticism. It is a pity, 
however, that the author has not 
dealt with the elliptic function 
design process, which, while neces- 
sarily mere restricted than the 

‘reference filter ’’ method, can be 
used in a surprisingly large number 
of practical cases and results in a 
considerable saving of design time 
and labour. 

Reading again over that part of 
the book which appeared in the first 
edition one is bound to regret the 
omission of those excellent filter 
design tables which first appeared in 
Shea’s book; many authors since 
Shea have used them and the present 
one would be advised to follow their 
example. 

The publishers, on the inside of the 
front dust cover refer to “‘ Darling- 
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ton’s invention—loss method of 
filter design ” ; this should be “ in- 
sertion-loss ’’ of course. 

On page 151 in the section dealing 
with the measurement and adjust- 
ment of inductors, the author states 
that an overall adjustment and 
bridge accuracy of + 0.7 per cent can 
be obtained if care is taken in 
screening and earthing; surely this 
is a very pessimistic figure. Most 
manufacturers of filter coils work 
regularly to a specification tolerance 
of + 0.5 per cent and would expect 
to measure inductance to a tolerance 
less than + 0.1 per cent. 

Apart from these points, however, 
the author is to be congratulated on 
presenting a book which is up to 
date and is probably the best of its 
kind sealable to the specialist filter 
designer, 

L. I. Farren. 


‘* Electron Tubes ’’ Vols. | 


and Il. 


Published by R.C.A. Reviews, U.S.A.1949 
475 pp. and 453 pp. Price $2.50 each, 


HESE two books, which form 

part of the R.C.A. Technical 
Book Series, collect together an ex- 
tensive number of papers which have 
been published since 1935 by the 
research workers of the Radio Cor- 
poration of America. Vol. 1 covers 
the period 1935-1941 and contains 
fifteen main papers; the second 
volume contains reprints of twenty- 
one main papers, published in the 
period 1942-1948. In addition many 
papers are summarized, and biblio- 
graphies of articles by R.C.A. 
workers are appended. 

These volumes are not intended to 
be handbooks of electron tube data 
but deal in the main with what are 
regarded as more fundamental prob- 
lems. The contents are divided into 
four sections, headed, general, trans- 
mitting, receiving and special. The 
general section comprises papers on 
space charge effects and electron 
ballistics, while the special section is 
devoted mainly to photo-electric 
devices, excluding, however, tele- 
vision pick-up tubes. 

Most readers of this journal will be 
familiar with the original articles, 
many of which have appeared in the 
“ Proceedings of the Institute of 
Radio Engineers ” or in the ‘‘R.C.A. 
Review,’”’ and it is probably super- 
fluous to remark that they will 
greatly appreciate their presentation 
in book form; especially since the 
authors are so often able to present 
the results of their abstruse dis- 
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coveries and considerations in a par- 
ticularly lucid way. 

When so much of interest is in- 
cluded, such as the classic papers by 
Salzberg and Haeff on ‘Space 
Charge in the Grid- Anode Region of 
Vacuum Tubes,’’ or the series by 
Thompson, North and Harris on cur- 
rent fluctuations, it is perhaps too 
much to wish that the complete 
papers by Ferris and North could 
also have been published along with 
these, in Vol. 1. The reviewer pro- 
poses to criticise one article, by O. H, 
Schade on “ Beam Power Tubes.” 
The theory given is not capable of 
explaining the principle facts; which 
is the reason why it was already 
abandoned in 1934 by the English 
inventors who carried out ‘‘ some 
development work on the replace- 
ment of the suppressor grid by space 
charge.”’ 

In conclusion one would recom- 
mend that the invaluable record of 
R.C.A. activities and achievements 
presented in these two volumes 
should be supplemented and com- 
pared with similar compilations on 
the Electronic Art now being pub- 
lished in Europe. 

S. Roppa. 


Principles and Practice of 
Radar 


By H. E. Penrose. 692 pp 
George Newnes, Ltd., 


ADAR, based on the fundamen- 

tal principles of radio, owes 
much of its development to the war 
work of the television engineers and 
to physicists engaged in research on 
microwaves. 

Twenty-six chapters and _ four 
appendiees cover the wide field of 
radar. Sections of the book have 
been devoted to detailed considera- 
tion of pulsed and pulse forming cir- 
cuits at high and low levels, timing 
circuits, gate circuits and applica- 
tions of microwave technique to 
transmitters, receivers, feeder and 
aerial systems. 

In the microwave field the resonant 
magnetron and its associated units 
have received special attention in a 
long chapter; while the many prob- 
lems arising from the employment 
of ultra-high frequencies in trans- 
mitting and receiving circuits have 
received suitable consideration. 

The book aims to demonstrate the 
fundamental principles of applying 
radar to various requirements, rather 
than describing a single one of the 
wide variety of possible combinations 
in detail. 

The four appendices deal respec- 
tively with transmission line theory, 
waveguides, cavity resonators, and 
radar test equipment. A full index 
is included, and the figures are 
clearly produced. 


478 figures. 


1949. Price 42s. - 
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CYBERNETICS 


CONTROL & COMMUNICATION 
IN THE 
ANIMAL AND THE MACHINE 


by 
Norbert Wiener 


Professor of Mathematics 
Massachusetts Inst. of Technology 
24s. net. 
The science of Cybernetics has recently 


been the subject of a conference held in 
London. 


194 pages 


Ready shortly 
RESPONSE OF 


PHYSICAL 
SYSTEMS 


by 
John D. Trimmer 


Prof. of Physics University of Tennessee 
268 pages 92 figures 40s. net: 





37 ESSEX STREET, LONDON, W.C.2 
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CATHODE RAY TUBE TRACES 
by H. MOSS, Ph.D. 
Price 10s. 6d. Postage 6d. 
This Monograph is based on aseries of articles 
published in Electronic Engineering and con- 
tains the elementary theory of common 
types, with notes on their production. 
‘“This book has considerable general 
educational interest,’’—Electrical Review. 
“The photographs of c.r.-tube traces are 
excellent and in both their quality and their 
number they form an outstanding feature of 
the book.’’—Wireless Engineer. 


A HOME-BUILT TELEVISOR 

For Sutton Coldfield Reception 
by W. I. FLACK 
Price 4s. 6d. Postage 3d. 
This booklet fully describes the design and 
construction of a high quality receiver for the 
reception of the Sutton Coldfield trans- 
mission. 





Reprints of the article by W. |. Flack on 
suitable pre-amplifiers for use with either the 
Alexandra Palace or Sutton Coldfield models 
of the Home-Built Televisor (originally 
published in the April, 1950, issue of 
** Electronic Engineering ’’) are now avail- 
able on application to the Circulation 
Department. 


Price 9d. Post Free 10d. 
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The Quarterly Journal of 
Mechanics and Applied 
Mathematics 


Part 4 (December] 1949) 
Oxford University Press. 
12s. 6d. 


WO papers in this issue may be 

of special interest to readers. 
The first is by Dr. Love on the exact 
solution for the electrostatic field 
between two circular disks. It is, 
however, very mathematical and is 
concerned with the validity of earlier 
work. It arose from a discussion on 
the oil-drop method of measuring the 
electronic charge, as used by Dr. 
Hopper of Melbourne. 

The other is by Dr. Booth, on the 
numerical solution of non-linear 
simultaneous equations, by the 
method of ‘‘ steepest descents.’’ Such 
equations are only too familiar, and 
are usually avoided if possible. This 
is the second of what will probably 
develop into a series of papers from 
Birkbeck College, London, due to the 
necessity of devising suitable numeri- 
cal techniques for the electronic com- 
puter which is being constructed. 


G. J. Kyncu. 


Volume Il, 
480 
Price 


Questions and Answers on 
Electronics 


By E. Molloy. 128 pp. 
George Newnes, Ltd., 1949. 


HIS small book presents in the 
form of questions and answers 
basic facts on electronic theory and 
the principles involved in the con- 
struction of various types of elec- 
tronic equipment and instruments. 
The wide range of subjects covered 
includes: radar, electron’ micro- 
scopes, high frequency _ heating, 
cathode ray tubes, television and 
atomic structure. As the book is 
small the subjects are only briefly 
dealt with, but the information is 
well presented and should appeal to 
those people with only an elementary 
knowledge of electronics. 


65 figures. 
Price 5s. 


1949/50 F.B.I. Register 


22nd Edition. 807 pp. Published for 
the Federation of British Industries by 
Kelly’s Directories, Ltd., and Iliffe & Sons 
Ltd. Price 42s. 


HE 1949/50 F.B.I. Register lists 

nearly 6,000 firms and their pro- 
ducts, and includes much informa- 
tion of interest to overseas buyers. 
Especially useful is the Products and 
Services Section in which the manu- 
facturers are listed under more than 
5,000 headings facilitating the iden- 
tification of supply sources. 
There are reference facilities in 
French and Spanish, while the classi- 
fication has been improved and 
greatly extended. 
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Fourier Methods 


By Phillip Franklin, Ph.D. 290 pp. 77 
figures. Ist Edition. McGraw Hill, Ltd., 
1949. Price 34s. 


HIS useful book is about the 
solution of partial differential 
equations and gives full details of 
Fourier series, Laplace transforms 
and the other techniques now used 
to solve them. It is therefore quite 
valuable. The methods are illus- 
trated by examples, mainly from 
circuit theory, which are examined 
in considerable detail, and at the 
end of each section there are a large 
number of extra examples for the 
reader to tackle. 
Whether a book on a special sub- 


ject should be self-contained and 
include all the advanced mathe- 
matics required, depends a great 


deal on the reader as well as the 
subject. The reader, or the library, 
who buys one book of this type is 
often inclined to theory and has 
several more. If that happens, the 
inclusion of general sections merely 
means, for an increase in cost, 
number of overlapping accounts 
which tend to be scrappy. 

This book claims to be self-con- 
tained and the author has included 
the extra material very skilfully. The 
mathematics required is mostly 
covered by a _ simple _post-H.S.C. 
course, and the rest, by a careful 
choice of examples, is included in 
the text so as to form part of the 
development of the subject. 

It is a great pity that so few books 
of this type are published in this 
country. There are many people 
who write well, who see the need 
and have the teaching experience, 
but so few who can find the time. 


G. J. Kyncu. 


Fundamentals of Vacuum 
Tubes 


By Austin V. Eastman. 644 pp. Third 
Edition. McGraw Hill Book Co., Inc. 
Price 47s. 6d. 


HE treatment in this text book 

is designed to rest midway be- 
tween the purely descriptive. and 
the purely mathematical. Of the 
two parts, the first covers the theory 
and the second some of the com- 
moner applications of the vacuum 
tube. No attempt is made to deal 
with any of the modern ultra high 
frequency tubes. 

A fourth year National Certificate 
student, or an engineering under- 
graduate will have little difficulty in 
using this book. Most chapters con- 


clude with a group of questions, to 
which a separate answer book is 
planned. The general presentation 
is lavish, numerous _ illustrations 
(some of little value) being included. 
The price is such that the ordinary 
student will not be able to afford this 
volume: but there are several books 
of equal merit on the market at a 
more modest price. 


K. G. Lockyer. 


Radio Operator’s Q. and A. 
Manual 


By Milton Kaufman. 608 pp 
John F. Rider Publisher Inc., 
6 dollars. 


HIS book, by an instructor in 


. 193 figures. 
1949. Price 


radio operating | at America’s 
R.C.A. Institutes, gives a list of 
questions and answers representa- 


tive of the Federal Communications 
Commission’s examinations for ob- 
taining commercial licences in radio- 
telegraphy, radiotelephony, and 
amateur radio operation. The 
answers are supplemented by a dis- 
cussion on the answer given, and 
illustrations are incorporated to 
make difficult technicalities clear. 

Five useful appendices are in- 
cluded, which are based upon infor- 
mation from the Government Study 
Guide and F.C.C. releases. Of parti- 
cular interest are the ones on Small 
Vessel Direction Finders and Auto- 
matic Alarms. 

For a quick review of essential 
theory or as a refresher this volume 
would prove useful. 


“Wireless World ’’ 
1951 


80 reference pages, with the usual diary 
pages of a week to an opening. Iliffe & 

Sons, Ltd. October, 1950. In Morocco 
ag pl price 5s. 6d., in rexine, price 
s. 8d 


HE reference pages of this diary 
contain information mainly of a 
technical nature and data on design, 
maintenance and the use of radio 
equipment. A useful summary of 
the existing regulations affecting the 
wireless user, including the new 
Wireless Telegraphy Act, is included. 
Other interesting features include 
a large selection of formulae, abacs 
for easy graphical estimation of 
such things as coil windings and 
circuit constants, lists of unit 
abbreviations, definitions and classi- 
fications, and a number of circuit 
diagrams. The valve base tables 
give connexions for more than 500 
valves in convenient form, 


Diary 
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NOTES FROM THE INDUSTRY 


R.S.G.B. Amateur Radio Exhibition 


The Fourth Annual Amateur 
Radio Exhibition organized by the 
Radio Society of Great Britain is to 
be held at the Royal Hotel, Woburn 
Place, London, W.C.1, from Wed- 
nesday, November 22 to Saturday, 
November 25. 

The exhibition will be opened at 
2.30 p.m. on November 22 by Mr. 
Hugh Pocock, M.I.E.E. 

Admission will be by catalogue 
obtainable at the door (price Is.) or 
on application from the Radio 
Society of Great Britain, New 
Ruskin House, Little Russell Street, 
London, W.C.1 (price 1s. 3d. post 
free). 

The exhibition will be open at 11 
a.m. on November 23, 24 and 25 and 
will close at 9 p.m. each evening. 


Industry and Technical Colleges 


As an acknowledgment of the 
part played by technical colleges in 
supplying trained and experienced 
technologists, Messrs. Acheson Col- 
loids, Ltd., have made a contribu- 
tion to equipping a chemical re- 
search laboratory at the Plymouth 
and Devonport Technical College. 
The company’s works have been 
established at Plymouth for 40 
years. 


N.P.L. Annual Report for 1949 


Details of the work of the National 
Physical Laboratory, are given in 
the Annual Report for the year 
1949. The Report has been published 
for the D.S.I.R. by H.M.S.O. price 
ls. 9d. (45 cents U.S.A.), by post 
Is. 1ld, It is divided into reports 
from each of the divisions of the 
Laboratory. 


Identification Scheme for 
Television Aerials 


A uniform scheme of catalogue 
suffix numbers for television aerials 
to indicate clearly the channel for 
which an aerial is suitable has been 
agreed upon by the manufacturers. 

The channel number will also be 
marked clearly on aerial packages. 
Some manufacturers will use a 
colour code as tabulated below. 

The scheme has been initiated by 
the Aerials Panel of the Radio and 


turers’ Federation in the hope that 
it will simplify storekeeping and 
records, not only for manufacturers 
but for wholesalers and retailers, 


Brochure of Instruments and Acces- 
sories for Radio-lsotope Applications 


The Scientific Instrument Manu- 
facturers’ Association, in collabora- 
tion with the A.E.R.E. Harwell, has 
produced a brochure on the instru- 
ments and accessories for radio- 
isotope applications. 

It is intended to summarize the 
equipment available from British 
sources for isotope techniques in 
medicine, research and industry. 

Copies are available free on appli- 
cation to the S.I.M.A. offices, 17 
Princes Gate, London, S.W.7. 


Tender for a Television Installation 
in Australia 


The United Kingdom Trade Com- 
missioner at Melbourne has reported 
that the Postmaster-General’s De- 
partment are calling for tenders for 
the supply, delivery and certain 
technical services of the television 
installation at Sydney. 

Copies of the tender documents 
(No.C.6423) can be obtained from 
the Chief Supply Officer. Supply 
Branch, Room 406. Australia House, 
Strand, London, W.C.2. 

The ‘closing date for the receipt 
of tenders is November 21, and they 
should be addressed to the Deputy 
Director, Posts and Telegraphs, 
Melbourne, C.1. 


An Important Centenary 


We regret that an error over which 
we had no control occurred in the 
Leader for the October issue of the 
journal, In the fifth paragraph The 
Times mentioned should of course 
be that of August 31, 1850, not 1950. 


Accurate Triggering of 
Multi-vibrators 


We regret that an error occurred 
in the last paragraph of this article 
on page 377 of the September issue. 
The seventh line should read “. , . 
of the pair. The second pulse then 








Electronic Component Manufac- fires the multi-’’. 
ee is : Optional _ 
Channel Location Frequencies Mc/s Catalogue Colour 
number Vision Sound < Suffix _—_— Code | 
1 London 45.00 41.50 /1 Yellow 
2 N. England 51.75 48.25 /2 lL. Blue 
3 ‘ 56.75 53.25 /3 Red 
4 Midlands 61.75 58.25 /4 Green 
5 66.25 63.25 /5 D. Blue 





PUBLICATIONS RECEIVED 


Tufnol Technical Information Cata- 
logue 

This catalogue consists of tech- 
nical data of interest to design- 
engineers and other technicians con- 
cerned with Tufnol materials. 
Tufnol Ltd., Perry Barr, Birming- 
ham 22B. 


Taylor Electrical Measuring Instru- 


ments 
Price List of Electrical Measuring 
Instruments 


Two booklets giving complete 
details of the well known Taylor 
meters. Taylor Electrical Instru- 
ments, Ltd., Montrose Avenue, 
Slough, Bucks 
Electronic Control, 

Sheets 

These leaflets describe how elec- 
tronic control is carried out by 
Sargrove Misseconles, Lid.,. of 
Effingham, Surrey. 

Marconi Television 

This booklet describes a new range 
of the firm’s equipment for tele- 
vision. Marconi Wireless Telegraph 
Co., Ltd., Marconi House, Chelms- 
ford, Essex. 

R.C.A. Catalogue of Products for 
Export 

The catalogue contains sections on 
equipment for telecommunication, 
aviation, broadcasting, motion pic- 
ture, scientific and industrial ser- 
vices. R.C.A. International Divi- 
ction, 745 hy Avenue, New York 
2 Ne Ue 
Press fin a B.I. Callender’s 

This bulletin describes the com- 
pany’s activities and development 
during the past year. British 
Insulated Callender’s Cables, Ltd., 


21 Bloomsbury Street, London, 


Information 


~W.C,1. 


T.C.C. Capacitors 

The capacitors listed in this book- 
let are representative of the post- 
war T.C.C. range. — Telegraph 
Condenser Co., Ltd., North Acton, 
London, W.3. 

R.C.A, Phototubes and Cathode Ray 
Tubes. 

This booklet. describes the current 
range of R.C.A. phototubes and 
cathode ray tubes, obtainable from 
R.C.A. Photophone, Ltd., 36 Wood- 
stock Grove, London, W.12, price 
Is. 6d, 


The Brush 
Accounts. 

This is a report of the progress of 
the Brush Electrical Engineering 
Co., Ltd., and its subsidiary com- 
panies during 1949, and includes the 
company’s statement of accounts. 
Brush Electrical Engineering Co., 
Ltd., Duke’s Court, 32 Duke Street, 
St. James’s S.W.1. 


Group Report and 
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MEETINGS THIS MONTH 


INSTITUTION OF ELECTRICAL 
ENGINEERS 


All meetings, unless otherwise stated, are held 
at the Institution of Electrical Engineers, 
Savoy Place, London, W.C.2, at 5.30 p.m. 


Date : November 2. 

Report : The Education and Training of Elec- 
trical Technicians. 

Presented by: Sir A. P. M. Fleming, C.B.E., 


D.Eng. 
Measurements Section 
Date: November 
Lecture: The Determination of Time and 
Frequency. 


By : H. M. Smith, B.Sc. 
(Joint Meeting with the Radio Section.) 


Date : November 28. Time: 3.30 p.m. 
and 5.30 p.m. 
Symposium on: Radiation Monitoring 


Apparatus. 
(Joint Meeting with Radio Section.) 


Radio Section 

November 8. 

Lecture : Low-Frequency Radio-Wave Propaga- 
tion by the lonosphere, with particular 
reference to Long-Distance Navigation. 

By: C. Williams, B.Sc. 


Date : 


Date: November 1/4. f 
For full particulars see Measurements Section. 


Date : November 20. 
Lecture: The Nervous System as a Com- 
munication Network. 


By: J. A. V. Bates, M.A., M.B., B.Chir. 


Date : November 28. 
For full particulars see Measurements Section. 


District Meetings 


Date : November 3. Time : 7.30 p.m. 

Held at: The New Inn, Sandling Road, Maid- 
stone. 

Lecture : The Measurement of Light and Colour. 

By: G. T. Winch. 

Date : November 8. Time: 7 p.m. 

Held at: Electricity Showrooms, Southern 


Electricity Board, 37, George Street, Oxford. 
Lecture: Radio. 
By: W. H. Lee. 


Cambridge Radio Group 
Date : November 14. Time: 8.15 p.m. 
Held at : Cavendish Laboratory, Cambridge. 
Address by the Chairman of the Radio Section. 


By: C. F. Booth, O.B.E. 

Date : November 27. 

Lecture : Frequency Modulated Broadcasting. 

By: Group Captain W. P. Wilson, C.B.E., 
M.Sc.(Eng.). 

(Joint Meeting with Cambridge University 


Wireless Society.) 


Mersey and North Wales Centre 
Date : November 13. Time : 6.30 p.m. 
Held at: The Liverpool Royal Institution, 
Colquitt Street, Liverpool. 

Lecture : Crystal Diodes. 

By: R. W. Dougias, B.Sc., and E. G. James, 
Ph.D. 

Lecture : Crystal Triodes. 

By : T. R. Scott, D.F.C., B.Sc. 


North-Western Radio Group 


Date : November 29. Time : 6.30 p.m. 

Held at: The Engineers’ Club, Albert Square, 
Manchester. 

Lecture : Crystal Diodes. 


7 = W. Douglas, B.Sc., and E. G. James, 
h.D. 

Lecture: Crystal Triodes. 

By: T. R. Scott, D.F.C., B.Sc. 


Scottish Centre 
November 8. Time: 7 p.m. 
The Heriot Watt College, Edinburgh. 
A Review of Some Television Pick-up 


Date : 
Held at : 
Lecture : 

Tubes. 
By: J. D. McGee, M.Sc., Ph.D. 














SECRETARIES OF ASSOCIATIONS 


INSTITUTION OF ELECTRICAL 
ENGINEERS 
The Secretary, Institution of Electrical Engineers, 
Savoy Place, W.C.2. 
Cambridge Radio Group 
G. E. Middleton, M.A., University Engineering 
Laboratory, Cambridge. 
North-Eastern Radio and Measurements 
Group 
G. A. Kysh (Asst. Sec.), Carliol House, New- 
castle-on-Tyne, 
North-Western Radio Group 
A. L. Green (Asst. Sec.), 244, Brantingham 
Road, Chorlton-cum-Hardy, Manchester, 21. 
South Midland Radio Group 


W. H. Brent, B.Sc., Regional Director’s Office, 
Midlands Region (G.P.O.), Civic House, Great 
Charles Street, Birmingham, 


BRITISH INSTITUTION OF 
RADIO ENGINEERS 
The General pide 9, Bedford Square, 
London, W.C.|I 
West Midlands Section 


R. A. Lampitt, A.M.Brit.I.R.E., 20, Northfield 
Grove, Merry Hill, Wolverhampton. 


INC. RADIO SOCIETY OF GT. BRITAIN 
General Secretary, New Ruskin House, Little 


Russell Street, W.C.1. 


BRITISH SOUND RECORDING 
ASSOCIATION 


Richard W. Lowden, ‘‘ Wayford,’’ 
Avenue, Farnborough, Hants. 


Napoleon 


TELEVISION SOCIETY 


Lecture Secretary: T. M. Lance, 35, Alber- 
marle Road, Beckenham, Kent. 


Engineering Group 
G. T. Clack, 10, Tantallon Road, Balham, London, 
S.W.12. 


RADAR ASSOCIATION 
The Secretary, 83, Portland Place, London, W.|1. 


INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


H. “; A.M.1.E.E., Engineer-in-Chief’s 
“aie (T. P. Branch), Alder House, E.C.1. 


INSTITUTION OF ELECTRONICS 


Lecture Sec.: W. Summer, 31, Beech Road, 
Bournville, Birmingham, 


North-West Branch 
L. F. Berry, 105, Birch Avenue, Chadderton, 
Lancs. 


SOCIETY OF RELAY ENGINEERS 


T. H. Hall, M.Brit.1.R.E., 23, Dalkeith Place, 
Kettering, Northants. 


SOCIETY OF INSTRUMENT 
TECHNOLOGY 


L. B. Lambert, 55, Tudor Gardens, London, W.3. 














South Midland Radio Group 
Date : November 27. Time: 6 p.m. 
Held at: James Watt Memorial Institute, Gt. 
Charles Street, Birmingham. 
Lecture: Analogies. 
By : Professor M. G. Say, Ph.D., M.Sc. 


BRITISH INSTITUTION OF RADIO 
ENGINEERS 
Date : November 20. Time: 6.30 p.m. 


Held at : London School of Hygiene and Tropical 
Medicine, Gower Street, W.C.|I. 

Lecture : Ultrasonic Generators for High Power. 

By : B. E. Noltingk, Ph.D. 


Merseyside Section 
Date : November 2. Time : 6.30 p 
Held at: Electricity Board, tonka , 
Whitechapel, Liverpool. 
Lecture : Propagation of Metric Waves Beyond 
Optical Range. 
By: D. W. Heightman. 


North-Eastern a 
Date : November 8. Time: 
Held at: Neville Hall, 
Newcastle-on-Tyne. 
Lecture : Radio Navigational Aids. 
By: J. C. Martin, M.A. 


West Midlands Section 
Date : November 22. Time: 7 p.m 
Discussion: The Quality of Electrical Repro- 
duction and its effect on Receiver Design. 


6p 
West own Road, 


North-Western Section 


Date : November 2. Time: 6.45 p.m. 
Held at: College of Technology, Manchester. 
Lecture : Communication Cables. 


By: W. R. Cooper. 


SOCIETY OF INSTRUMENT 
TECHNOLOGY 


Midland Section 


Date : November 1I7. Time: 7 p.m. 

Held at: Arden Hotel, New Street, Birming- 
am. 

Lecture: The Fundamentals of Electrical 
Measurement. 


By : L. Hartshorn, D.Sc., A.R.C.S. 


INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date : November 6. Time: 5 p.m. 

Held at: Institution of Electrical Engineers, 
Savoy Place, W.C.2. 

Lecture: The Anglo-Continental Telephone 


Service. 
By: J. Rhodes, B.Sc., A.M.I.E.E. 


BRITISH SOUND RECORDING 
ASSOCIATION 


Date : November 24. Time: 7p 

Held at: Royal Society of Arts, pry Adam 
Street, London, W.C.2. 

Lecture: Some Features in Amplifier Design 
for Recording Equipment. 

By: H. D. McD. Ellis, M.A., M.I.E.E. 


TELEVISION SOCIETY 


Date : November 2. 
Held at: C.E.A., 164, Shaftesbury Ave., W.C.2. 
Lecture : Music for Television. 


By : Eric Robinson and Michael Mills. 


Date : November 24. 

Held at: C.E.A., 164, Shaftesbury Ave., W.C.2. 

Lecture: Scan Linearization by Negative 
Feedback. 


By: A. W. Keen. 
Engineering Group 


Date : November 10. 

Held at: C.E.A., 164, Shaftesbury Ave., W.C.2. 

Lecture: Design of a Combined Radio-TV 
Receiver. 

By: A. B. Bamford. 
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io A GREAT NAME 
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is born of confidence 





30 p.m. 
ind Tropical 





vasisnieiobal No name ever takes the lead, in any spirit which governed Marconi’s early 
sphere of activity, unless it can honour investigations into radio-transmission still 

) p.m. ‘ P . ‘ . 

ce Centre, the trust which the public puts in it. governs the research-work now in hand 

ves Beyond The Marconi Company is proud to have in the Company which he founded. 
held this confidence unbroken for more To future generations the results of 

™ than fifty years of service. The same this work will be just as far-reaching. 

age Road, , 


_ Marconi 


oun. the FIRST and GREATEST name in Wireless 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED * MARCONI HOUSE °“ CHELMSFORD ° 8&SS8X 


ENT 


Fim | ~ KLECTRODEPOSITION 








Electrical 
OF RHODIUM The plating process developed by Johnson 
FFICE Matthey metallurgists enables dense, hard and 
RS brilliant rhodium electrodeposits to be com- 
m. mercially produced up to .ooz inch in 
— thickness. Such deposits are invaluable when 
em the characteristic advantages of rhodium as 
a contact metal are required in applications 
DING where the mechanical or electrical conditions 
are exceptionally severe. 
De thee Comprehensive production | facilities 
' : permit us to undertake the rhodium plating 
ier Design ‘ . x cc‘ 
of either single items of specialised apparatus 
or quantity produced components. 
f S 
. Data sheet 2325, available on request, 
fe., W.C.2. ¥ gives full details of the role of the noble 
metals in electrodeposited form for 
electrical and _ electronic engineering 
applications. 
re., W.C.2. 
Negative 


wz | @S heavy as :002! > 


Radio-TV 


JOHNSON, MATTHEY & CO., LIMITED + HATTON GARDEN ~- LONDON, E.C.I. Telephone : HOLborn 9277 
J.M. 160 
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from 10 to 3510 me 


Within the small compass of 14}” » 
123” x7}’, this generator provides 
facilities as are normally available 
only in instruments of much greater 
size and weight-and with an 
accuracy which suggests some- 
thing far more costly. Outstand 

ing features include :— Frequency 
calibration + 19, @ Max. 
attenuation error at 300 Mc’s., 
+2db. @ Modulation 30°, 

sine wave at 1,000 c/s. @ 
Negligible stray field. 

@ Weight 34 Ib. price £80 


Fullest details contained in 
leaflet S6'L sent on request. 


SIGNAL GENERATOR 


ADVANCE COMPONENTS LTD., 
BACK RD, SHERNHALL ST, LONDON, €E.1!17. 
"Phone: LARkswood 4366/7/8 
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B.M.B. °, 
STEEL 
BALLS 


from °006’ DIA. 
+ 000025’ 


We specialise in precision miniature steel balls 
in a range of sizes from .006”. Grade A25 are 
produced to a tolerance of -+- .000025” and Grade 
Al to a tolerance of + .0001” in any one given 
batch. Both grades are fully A.l.D. approved and 
their precise accuracy is proving the answer to 
problems is many industries. 


We also manufacture precision miniature, ball 
bearings from 5/64” to 3/16” diameter bore and 
in metric sizes from Imm. bore. The B.M.B. 
catalogue with complete specifications and quota- 
tions can be obtained from— 
Sole Selling Agents for 
British Manufactured Bearings Co. Ltd. 


© (FIM » LB} saau/,/ 


2 BALFOUR PLACE, MOUNT ST., LONDON, W.! 
SES ee oe Oe GROsvenor 3155 (3 lines) 
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TELEVISION OUTLET BOXES 


No aerial installation should be considered complete unless the downlead 
is correctly terminated near the receiver. 

This allows a separate receiver lead to be efficiently plugged in or 
withdrawn and disposes of loose dangling wires which are so often accepted 
by the less discriminating householders or tenants and which, technically, are 
considered bad practice. Our recommendations are shown below. 
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L624 Coaxial outlet box 
L642/P Standard coaxial plug 


FOR COAXIAL FEEDERS 


The outlet box illustrated on the left, provides 
a simple, neat and inexpensive method of ter- 
minating }” diameter coaxial feeders*! and is used 
extensively by the radio and television industries. 
It was developed for use with the ‘* Belling-Lee ”’ 
range of coaxial connectors which are already a 
standard fitting on so many receivers. 


Features in its design 


|. Robust, die-cast case providing continuity of 
screening. Inconspicuous bronze finish. 


2. Side cable entry with secure connections 
allowing leads to be looped in, and taken under 
the floor boards out of sight. 


3. Screw terminal, for convenient loading of 
centre conductor, obviates soldering. 


4. To take ‘‘Belling-Lee’’ coaxial plugs L642/P,L632, 
L614 and L615. The socket being located on the 
side, minimises the risk of the plug or socket 
receiving damage by brush or vacuum cleaner, etc. 


Attenuators 
Attenuators are now available with insertion 
losses of 6, 12, 18, 24 and 36 d.b. They are de- 
signed to be inserted between the plug from the 
receiver and the outlet box described above. 














L303/F 3-way Flush mounting socket 
L374 3-way Plug with cord grip 


BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 





L303/P 3-way proud mounting socket 
L374 3-way plug with cord grip 


FOR BALANCED TWIN FEEDERS 


The flat pin plugs and sockets illustrated 
above are. particularly suitable for use with 
screened or unscreened balanced twin aerial 
feeders*?, 


They have been designed to B.S.666 for 
radio circuits up to 80 volts and are non-inter- 
changeable with mains plugs and sockets. Ideal 
for use with loudspeaker and/or telephone 
extensions, radio relay, microphone units, etc. 


Housings and covers are produced from 
high-grade brown bakelite and the flush mounting 
units can be mounted in wooden or metal boxes 
1” deep and not exceeding 23” square. 


All types have nickel plated screw connections 
and leads may be looped in. An adjustable cord 
grip is incorporated with the L374 plug which is 
very robust and of attractive design. 


Commonly specified by local authorities for use 
in schools, hospitals and other public institutions. 


* 1 “ Belling-Lee ’’ coaxial feeder L600 or Uniradio 


*2 “ Belling-Lee’’ balanced twin feeder L336 or 
screened twin feeder L122I. 
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{n a typical case, a conventional battery occupying 18 cu. ft. 








of space was replaced by a Nife battery of identical capa- 
city but only needing 14 cu. ft. Moreover, as the gas 
produced by a Nife battery is innocuous, no separate 
battery room was needed. This compactness of Nife Bat- 
teries is only one of the reasons for choosing Nife for 
switchgear operation. In addition, Nife is made principally 
of steel, and so is chemically and physically almost inde- 
structible. Nife is also unaffected by the heaviest rates of 


charge and discharge, and so is electrically most reliable. 





Many records show that it costs practically nothing to 
maintain a Nife battery. That’s why so many are in use in 
the main grid power stations. (N.B. Nife batteries are not yet 


available for private cars or domestic radio.) 


CUT YOUR COSTS WITH 


SOUTHERN INSTRUMENTS LIMITED 


FERNHILL HAWLEY CAMBERLEY SURREY 





STEEL BATTERIES 





NIFE BATTERIES - REDDITCH * WORCESTERSHIRE 
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STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport on Severn, Worcester Telephone: Stourport III Telegrams: Steatain, Stourport 
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NAGARD TYPE 103 OSCILLOSCOPE 


CALIBRATED IN TIME, FREQUENCY AND 
VOLTAGE 


TIME BASE RANGES 


Calibrated sweep velocities from 2in. per 
sec. to 2 in. per u sec. Triggered or 
continuously running. 


D.C. AMPLIFIERS 


Voltage calibrated and fully stable 
Response, Maximum Gain and Sensitivity 
0-20 K/cs. 0-2 Mc/s 0-10 Mc/s 
100,000 20,000 300 
0.12mV/inch 0.60mV/inch  40mV/inch 






WIDE RANGE 








r 


CALIBRATED 
OSCILLOGRAMS 


The “illuminated graticule 
and single shot camera 
attachment gives clear 
records and accurate 
measurements. 


STABLE TRACES 
The exceptional synchron- 
ising properties of the Time 
Base, and stability of the 
D.C. Amplifiers aids meas- 
urement and photography. 


Phase to frequency ratio constant. Perfect. square 
wave definition within the limitations of 
each frequency range. 


BACAR 
Phone : BRixton 3550 


Grams : Intertel, Claproad, London. 245, BRIXTON ROAD, LONDON, S.W.9 








Ps 








SEE 


what you measure ! 





Jhe AUTHORITY ON Powe Equipment 
fot ELECTRONICS 








| x ae a : as 
} < We ees $ ge <-2E awe e € . RS Wisin 6, PB a: 5S St Aa 
LOW VOLTAGE ROTARY STANDARD RADIO AND | MINIATURE ROTARY HIGH FREQUENCY 
TRANSFORMER. 12 volts TELEVISION ROTARY TRANSFORMER. 24/36 volts MOTOR-ALTERNATOR. 
to 600 volts 200 m.a. CONVERTER with filter and D.C. input. 60 watts output. 200 watts 400 cycles output 
sound-proof cabinet. 230 volts from 220 volts D.C. 


A.C. Single Phase output. 


For details and technical specification of Power Equipment for all Electronic purposes including 
pou the equipment illustrated, write for fully illustrated and descriptive lists 2 R.C. and 16 H.F. 
In prototype stages let your designers meet ours. 


ELECTRO DYNAMIC CONSTRUCTION — ———— 








al ¢ 
Mal 
ON 


c @ 82 2 a2 O: 8 Te ee ae a ae, - 
Head Office and Works: ST. MARY CRAY +: KENT 
BRANCH woRruws: erRioGgwan»nthenn . SOMERS £7 *Phone: Orpington 2560-3 


E.D.C. 19 
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When the engineer first expresses his train of ideas on 
paper, he is on the right lines if he keeps Tufnol in 
mind wherever the properties of hardwood or metal 
do not fill the bill. These Tufnol tubes and couplings, 
for example, distributing acids, have the tremendous 
advantage of resisting chemical action. Sleeves and 
washers on a huge pipe-line in Iraq do their job 
superlatively because as well as withstanding chemical 
action, moisture and extremes of climate, they also 
ensure complete electrical insulation, section by 
section, vitally necessary in protecting the pipe line 
against electrolytic effect. But the remarkable qualities 
of Tufnol do not end 
here; it is light in 
weight yet structurally 
strong enough to mate 
sympathetically with 
steel; it will not split 
or crack under impact; 
and above all, can 
be machined 
accurately and 





Tufnol insulators on an Ellison 
1,200 amp. high voltage circuit 
breaker. 


TUFNOL LTD . PERRY 










BARR > 


Hectronic Engineering 











quickly under ordinary workshop conditions! Sheets, 
tubes, rods, bars, angles, channels are all available; or 
it can be supplied in specially moulded shapes. 
Throughout Industry the signal for Tufnol is 
** Full Speed Ahead ””! 


KEEP TRACK OF TUFNOL 






and all the recent developments in its uses by 
sending for the various technical publications. 
Let us know where your particular interests 
lie. You may have another NEW use for it 
—in which case our Technical Staff will be 
glad to co-operate. 
TODAY ? 


Why not write 





FNO 


REGISTERED TRADE MARK 


BIRMINGHAM <e 
255 
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Austinlite Rotary Switches are used to control the Auto-Trans- 
former regulating the A.C. supply to these Electro Plating 
Rectifiers, manufactured by Partridge, Wilson & Co. Ltd. 

Full details of the Austinlite 50 amp. Rotary Switch and of the 
new 30 amp. switch will be gladly supplied on request. 


hance. 


PRODUCT 


A 





AUSTINLITE LIMITED, (A subsidiary of Chance Brothers Limited), 
Dept. A5, Lighthouse Works, Smethwick 40, Birmingham. Telephone: West Bromwich 1051. 


‘ i —ee 


ao World Standards 


TELCON rr. CABLES _ 


Technical excellence supported by constant research and an 
unrivalled knowledge and experience of Radio Frequency Cable 
applications, ensures the continuance of the lead established 
by TELCON in this field. 

Even before the introduction of Telcothene* as a cable dielectric, 
an application pioneered by TELCON, a range of Radio 
Frequency cables with unique capacity and attenuation 
characteristics was produced, using Telconax. 


Today, developments are still going on and the solution of any 
problems involving the application of Radio Frequency cables 
will be found in the wide range manufactured by TELCON. 


%& Telcothene (Regd.)—Polythene processed by Telcon to provide specific characteristics 

















Ask also for details _ THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD JELCOW 
TELCON META Head Office : 22, Old Broad Street, London, E.C.2. Tel : LONdon Wall 7104 
Enquiries to: Telcon Works, Greenwich, S.E.10. Tel: GREenwich 3291 
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for Transformers and Chokes 


A 


e Low iron loss and magnetising v.a. at high flux density. ¢ Up to 30% saving in space 
and weight. e Ease of assembly. e Available in three thicknesses of strip for power, 
audio or pulse frequencies. e Sets of clamps, pillars and cans available for complete 
sealed transformers and chokes. e Cores and cases comply with RCL. 215 and are 


approved for Service use. 


Cold-Rolled Grain-Oriented Silicon Steel * Deliveries available from stock 


The ENGLISH ELECTRIC Company Ltd. 


Transformer Sales Department: East Lancashire Road, Liverpool, 10. Works: Stafford, Preston, Rugby, Bradford, Liverpool 
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Mounting | BA | N MOVING - COIL 


interchangeable ~ for d.c. 
with the 34-inch round 
flush pattern RECTIFIER 
for a.f. 
FIRST - GRADE TO 
B.S. 89 
Dimensions to THERMAL 
K. 113 for h.f. 
May be illuminated 
dial Leaflets 101 & 101A. 





4-INCH FLUSH MOUNTING OF PARTICULAR APPLICATION TO ELECTRONIC TEST GEAR 
Also 23-inch and 33-inch round patterns and 6-inch portables 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Northern Agents; F.C. ROBINSON & PARTNERS LTD., 287 Deansgate, MANCHESTER, 3. 





‘ 


Coils. Denco T.R.F. Matched Pair Medium and Long | You'te SURE to get it at] Mains or Battery Personal Kit. A Kit i! Parts to build 


Waves, 6/6 pair. Weymouth T.R.F. Matched Pair M. > our new Midget 4-Valve Superhet * 

and L. Waves, 9/6 re ag “pono Pair S.M. and coming Medium and Long Wavebands and desi 

L. Waves, 8/9 or 11/6 pair. All types Wearite “ for Mains or Battery is now 

Coils, 3/- each, ns noc We By ap Midget 1+ ie. 2-waveband superhet receiver is designed to operate on 

Xx # in, dia., Iron Co F. or Osc., 3/6 each A.C. mains 200-240 volts, or by an “ All-Dry ™ battery, 
Mi Coil Pack.’ gil 3h in. X 2pin. X Hin., either means being selected by the turn of a rotary 

covering S.M. and L..Waves. Coils wound on Polystyrene switch. It is so oa that the mains section, size 

Formers with adjustable iron cores ensures efficient per- 4% in. X 34 in. X It in., is supplied as a psontt Kit 




















formance. Factory wired and aligned. Price, including = ESTABLISHED 25 YEA as. = which may be added at any time). ~The Kit can there- 
full CW, for oe 465 cls. Unit 33/- (plus fe ‘ore be supplied either as an “ All-Dry” Battery 
/4P. For T.R.F. circuit covering M. and L.Waves, Personal Set. or by incorporating the mains sectionasa 
30/- dit. 6/3 P.T.). The Battery Portable Superhet Midget receiver for combined Battery/Mains operation). 
Pack, oa ready wound Frame Aerial, covering S. M. and L. waves, 37/6 bin circuit incorporates delayed A.V.C. and pre-selective audio feedback. A Rola 
(plus 8/4. P.T. 4-in. P.M. speaker with a generous sized output transformer ensures ‘excellent 
juminium Chassis. Substantially made of gauge 16 S.W.G. with four sides : quality reproduction. Two ready wound frame areials and a drilled midget 
7 in. x 4in. X 2in., 3/3; 9in. X 5 in. < 2 in., 4/-; 10 in. X 6 in. X 2¢ in., chassis are included. The overall size of chassis when completely wired is 8¢ in. 
10 in. x >. x 2 i in., 5/6; 12in. x 9m x 2 in., 6/8; 14in. X 9 in. X 4in. X 2% in. ~~ line-up 1R5 (freq. ch.), IT4 (1.F. amp.), IS5 (diode det. 
x 24 in., 6/11; 16in. X 8in. X 2¢in., 7/3; I6in. x Bin. X hi in., 8/6. and audio amp.), and 3S4 (output tet.). The set is easily built from the very 
Meter Rectifiers Wari house, Yay 116. i¢ a 10/6. 5 mA, 4/9 detailed building instructions supplied, which includes a practical Component 
Seleni: Rectifiers, HLL Wave, 250 V 50 mA, 5/6; 200 V 100 mA, 5/9; Layout, with point-to-point big’ A diagram, and a circuit diagram. 
250 vi 100 mA, 7/6. Brid, se 6 V 1¢ amp., 7/6; 12 V 14 amp., 11/6 : Price of Complete “Kit (less ne Unit, including P.T., 6/13 “g Price of 
12 V3 amp., 19/6 ; 12 V5 amp., 25/- ; 24 V 3 amp., 23/6. Mains Unit Kit, Ti ‘' of Ever Ready B114 Battery. 9/7. 
er Transformers. Each has an oat of 230 volts. Outputs : (a) 24 volt An attractive Wainut-finished Portable Cabinet to house the combined receiver is 
rons | 15 V, 9 V and 4 V, at 3 amps., 21/6 ; (b) 30 volts tapped 15 V and 9 V at also available. This cabinet is also quite suitable for the “ All-Dry ‘’ battery 
3 amps., ates © 15 volts ta ped 9 V, at A amp ., 14/3 ; (d) 12 volts at 14 amps., version. Price 19/9, 
wae: : (e) 15 volts tapped 9 9V at 6 6 amps., The complete i i ioned above can also be supplied 
ilament Transformer. Inputs 730 volts, a 3V ltamp., 7/6 ; 4V lt am separately for 1/6. 
me, Input 200/250 V, output 4 V( C. T) 14 amp., AV 2amp., 6.3V2 amp., 1916. A complete Kit of Parts to build a miniature “All-Dry” Battery Elimin- 
A Mi Midget T.RF. Battery Portable “ Personal” Kit. A complete Kit of Parts ator, giving 69 volts H.T. (approx.) and 1.4 volts L.T. This Eliminator is Poy 
to build a Midget 4-valve All-dry Battery Personal Set. Consists of Regenerative for use with any Personal aa tatecy set requiring H.T. and L.T. as above (or 
.F. Circuit employing Flat Tuned Frame Aerial, with Denco Iron Dust Cored even for sets requiring approx. 90 volts). 
Coil thereby ensuring maximum gain for Single Tuned Stage covering Medium It i is housed i ina light aluminium case, size 44 in. X 3# in. < Id in., and can 
be ac d in most makes of Personal receivers. 
Vel Line-up : IT4 (R.F. Ampl.), IT4 (Detector), -¥ (Ist A.F.) os bg (output). Price of Complete Kit including detailed assembly i instructions and layout syiae 
Includes latest Rola 3-in. Moving Coil Speaker, and a Chassis already drilled and The ee et A.C, Mains 3-Valve Receiver circuit, as published in the “ Wi 
shaped. A consumption of only 7 a ensures long battery life. The Kit is World.” We can supply all the components to build this set, which covers Medium 
designed nig go oe od ran F fe. xX 4tin. X 3in. Detailed Building and Long Waves, for £4/5/- (including complete assembly instructions). A 
Instructions, with Practical La: cuit_ make assembly easy. reprint of complete assembly instructions can be supplied separately for 9d. 
Price for Complete Kit, £3/ 1819 ( 9 Seay 1S) 7P P.T.). Suitable unpolished Cabinet, (including postage). 
- 2 in. X 4¢ in. X 3 in., 12/9. Ever ag { B114 Battery, 9/7. Building Instruc- We can now supply an attactive walnut-finished Cabinet for the “Wireless World” 
pas, Circa. 5 s, 5 Su plied separately, 9d. » tee y Set, with a complete Slow-Motion Dial and Drive Assembly (Station- 
“Wireless W. Midget A.C. Mains 2-Valve Receiver. We can supply all named Dial to latest wavelengths). Inclusive price £1/14/6. Cabinet available 


the com com i valves and M/Coil Speaker to build this set as specified separately for 21/-. 
in the March i issue, at a total cost of £3. Reprint of detailed assembly instructions *Send 3d. Stamp for our Comprehensive Kit and Comp Stock List. When 
and circuit supplied separately for 9d. ordering, please cover packing and postage. 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. Telephone : CENtral 5814 and 2280 




















.r, 1950 November, 1950 Electronic Engineering 39 


THE FOX L: To ‘ al, 
ae O ‘e -O LA y 
non gical POTENTIOMETERS 
L type PXF 5/H 10. 10-1000 WATTS 
is now available for general release to the 
Electronic Industry. 









Ceramic Insulation only— 
and approved for tropical 
conditions. 

Complete Ceramic Rings for 
strength. 

Approved by all Govern- 
ment Departments. 


Reasonable Delivery. 


Specialists in all types of 
Toroidal Windings. 





BRIEF SPECIFICATION 


Resistance range, 20 ohms to 50 K. ohms. 
Helical turns, 10. 

Rotation, 3,600 deg. 

LA. Number of wire turns, 2,000 to 12,000. 
Wattage, 5. 











Write for full details to :— 


P. X. FOX .wimirep 


TOROIDAL POTENTIOMETERGASPECIALISTS 
HORSFORTH, YORKSHIRE, ENGLAND. 
Telephone : Horsforth 2831/2. - Telegrams : ‘“ Toroidal,”Leeds. 


JT Also precision Toroidal-wound Potentio- 

meters, including 360° of winding with up 
to eight tapping points. All are available 
with sealed spindles and glass terminal seals. 
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s to build 4 ‘7 
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excellent 
d midget 
| is 84 in. 
liode det. THE MIGHTY MIDGET, most recent development in the 
moe Radio and Electronic field, embodies more than a complete 
: break away from traditional ideas of size. Type W99 Midget 
Price of Moldseal Metallised Paper Capacitor has the clean, neat finish 
nee of an entirely new type of moulding recently developed by 
” battery Hunt’s. Providing hermetic sealing, this Moldseal capacitor 
lied is invaluable for use with compact mobile equipment where 
—s risk of encountering more than the usual conditions of 
Elimin- moisture is incurred. 
— Though tiny, W99 has a high insulation resistance 
ee and self-healing characteristics! If you have Capacitor 
, and can problems technical assistance is freely available. Enquiries 
are welcomed ! 
pauiae Wkg. Voltage Cap. Range. pF Size \ 
| Medium REGISTERED TRADE MARK 
4-4 * 150 D.C. 0.004 to 0.0! A 
ine 0.02 to 0.04 B 
s Wor 350 D.C. 0.001 to 0.003 A , , - 
Gratien 0.004 to 0.01 B Size A i” x % 
600 D.C. 2.5pF to 0.0005 A 
When 0.001 to 0.002 B Size B }” x 2” CAPATITORS 
| MPAL. cr 0.00! ; THE TRADE MARK OF RELIABILITY 
 hehieeeiialenbaremcaniaaill 











A. H. HUNT LTD., LONDON, S.W.18. Tel.: BATtersea 3131. -Est. 190! 
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eco» PULLIN 





RECTANGULAR INSTRUMENTS BY 


These three rectangular {instruments are designed 

on symmetrical lines, thus giving a distinctive clear 

open scale and pleasing appearance. Each size 

available in all standard ranges. The Series 65 and 
35 can be fitted with dial illumination. 


=ib>— 


i 


totirctacberti her es 





Series 65 Series 35 Series 30 
MEASURING INSTRUMENTS (PULLIN) LTD. 
Electrin Works, Winchester St., Acton, London, W.3. Telephone ACOrn 4651/3 & 4995 











VITAL 
STATISTICS 





The important characteristics of 
the Marconi F.M. RECEIVER TESTER are : 


@ Crystal. standardised c.w., f.m. and a.m. signal generator 
with audio frequency power meter. 


@ Carrier range 21-168 Mc/s in three bands. 
@ Output 14V to 31.6 mV, continuously variable ; high level 0.1V max. 


@ Frequency modulation up to 75 kc/s on the low frequency band, 150 kc/s 
on the medium band or 300 kc/s on the high frequency band. 


@ Amplitude modulation to nominal depth of 30% over the complete range. F. M. R ECG E i V E R 
@ Internal modulation frequency, 1000 c/s. T ES T E R 1 TF 913 


There are other impressive features also in an instrument which is up to date in 
technique, soundly-designed and carefully engineered. Full details on request. 


MARCONI INSTRUMENTS LIMITED 


ST. ALBANS, HERTFORDSHIRE. Telephone: St. Albans 6161/5. ¥) 





Northern Office: 30 Albion Street, HULL. Western Office: 76 Portview Road, AVONMOUTH. Southern Office & 
Showrooms: 1|09 Eaton Square, LONDON, S.W.!. Midland Office: 19 The Parade, LEAMINGTON SPA. 
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MODERN CANUTES aan at least say 


“No farther please!’’ to waves of electro-magnetic 
induction with every hope of success. They can keep 
them within bounds with MUMETAL, the high- 
permeability low-loss Telcon alloy which is many 
times more effective for shields and screening 
boxes than a similar thickness of any other material. 
In hundreds of laboratories MUMETAL is already 


Electronic Engineering 





undesirable magnetic interference. Not only has it 
a higher permeability than any other magnetic 
material but also the lowest total electrical loss per Ib. 
MUMETAL is available in sheet, strip, rod or wire: 
(we also produce standard shields for most C.R. tubes 
and transformers) ; it is ductile, can be stamped 
cleanly, drawn or rolled ; is non-scaling, does not rust. 














Details and 
METALS “=: 
available 
on application 


q@ TELCON 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 
Head Office: 22 Old Broad Street, London, E.C.2. Phone: LONdon Wall 7104. Enquiries to: Telcon Works, Greenwich, S.E.10. Phone: GREenwich 3291 





r | VA/LABLE IN TYPES 
FROM 2 Tv 33 WAYS. 


CADMIUM PLATED BRACKETS 
AND CABLE CLAMPS. 


PER 
jum CoP 
myaTeD) conTacl? 


BERYL 
(GILVER 





PAINTON & CO LTD « KINGSTHORPE ‘ NORTHAMPTON: ayoneza20 
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A NEW SULLIVAN SUSPENDED COIL 
PORTABLE GALVANOMETER UNIT 


- . - which may be supplied alone or boxed complete 
with scale, illumination (with mains transformer) and 
novel scale magnification. 


The unit is exceptionally well constructed and reliable in 
performance and is completely enclosed within a 
’ draught and dust-tight bakelite case measuring only 
Pa 8 cm. by 4.cm. by 12 cm. high. When boxed as a complete 
3 measuring system it measures only 26 cm. by I7 cm. by 
15 cm. 
A complete series of these portable galvanometer units is 
available, mounted or unmounted, with many scale arrange- 


| H.W. SULLIVAN 
LONDON. 


SERIAL we re 2 
1480/1950 Zs ments and for any Sensitivity, Time period or 


Resistance. 


EARLY DELIVERY GUARANTEED 


! H. W. SULLIVAN 





We shall be pleased to select for any LIMITED 
prospective purchaser a _ galvanometer LONDON S.E.15 
suited to any particular industrial : ae ae, 
application or measurement problem. Telephone NEW CROSS 3225 (P.B.X.) 


\ 
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This Transmitting Triode 
with 400 W Anode Dissipation 


shown by courtesy of the English Electric | 





Valve Co. Ltd. is made with Tungsten and 


Molybdenum supplied by Murex Ltd 





(Powder Metallurgy Division) 
RAINHAM, ESSEX 
Telephone: Rainham, Essex 240 


London Sales Office: Central House, Upper Woburn Place, W.C./. Telephone: EUSton 8265 
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| 
| TAYLOR TELEVISION 
OIL MODEL 240A * ita = 
NIT TELEVISION PATTERN ™ | 
GENERATOR Frequency 
plete coverage from 40-70 Mc/s. 
) and | Suitable for London & Mid- 
| lands. A.C. mains operated. 
sle in | £14 .0. 0 List Price 
a MODEL 170K 
a. 1 ELECTRONIC TEST METER 
. by | A 40 range instrument fitted 
; with 4” Moving Coil Meter. 
ae A.C. mains operated. 
—a £22 . 10 . 0 List Price 
- 4 MODEL 65C 


| WIDE-RANGE SIGNAL 
| GENERATOR 7ranges from 

| 100 Ke/s-160 Mc/s. A.C. mains. 
a | operated £17 . 15 . 0 List Price 


ALL WINDSOR & TAYLOR YTEST EQUIPMENT (‘IS 
AVAILABLE ON (H.P. SEND FOR DETAILS AND 


se TEST GEAR 


TAYLOR ELECTRICAL INSTRUMENTS LTD Other products include: Multirange A.C.D.C.Test Meters 


BX. Signal Generators @ Valve Testers @ A.C. Brid 
) 419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENG. Circuit Analysers @ Cathode Ray Gualinasanne 


| Telephone Slough: 21381 (4 lines) Grams & Cables: Taylins, Slough oe Pog Co hp sw wt 
s 
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s follows - oe Wire Company 
Limited 


and 


THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS, LIMITED VACTITE WIRE COMPANY LTD. 


LEYTON, LONDON,€E.10. 75 ST.SIMON STREET, 
SALFORD 3,LANCS. 
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MILLIVOLTMETER 
(TYPE 784) 


(Wide-band Amplifier and 
Oscilloscope Preamplifier) 











THE AIRMEC MILLIVOLTMETER TYPE 784 consists of a high impedance probe unit followed by a stable 
wide-band amplifier and diode voltmeter. Measurements may be made from 0.5 millivolts to 1 volt in the fre- 
quency range 30 c/s to 10 Mc/s. The provision of a low-impedance output enables the instrument to be used as a 
general purpose amplifier in the frequency range 30 c/s to 15 Mc/s, or as an extremely sensitive high impedance 
preamplifier for the Airmec Oscilloscope Type 723. 


SPECIFICATION when in use as :— 


A MILLIVOLTMETER A  WIDE-BAND AMPLIFIER A PREAMPLIFIER FOR 
Input Impedance Output Impedance : 200 ohms THE AIRMEC OSCILLOSCOPE 
at 1,000 c/s .. 3 megohms in parallel with 10 pF. Voltage Gain : ; ma te TYPE 723 
Voltage Ranges: 0-10 millivolts Frequency Response : +1db30c/s- Sensitivity : 6 millivolts peak to 
0-100 millivolts 10 Mc/s peak per centimetre 
0-1 volt at an E.H.T. voltage 
Accuracy : From 30 c/s-5 Mc/s +5% of F.S.D. of 1 kV. 
From 5 Mc/s-10 Mc/s +10% of Frequency Response: 
F.S.D. +2 db from 30 c/s-5 Mc/s. 


AIRMEC LABORATORIES LTD 


HIGH WYCOMBE: BUCKINGHAMSHIRE * ENGLAND 
FEL: HIGH WYCOMBE 2060 CABLES: AIRMBC HIGH WYCOMBE 
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lead the way 
in TWO fields 
HIGH FIDELITY 


We can demonstrate a variety of radio and | 
gramophone reproducers. Hear and compare 
the best “ Standard ” records with their “ Long 
Playing ” equivalents. . 





COMMUNICATIONS 
EDDYSTONE “750” 


Communications Receiver 
11 Valves in double superheterodyne 
circuit. £49 ° 10s. 


AN EXCELLENT APPROACH TO DUAL OPERA- 
TION IS GIVENEBY,THE 


DECCA ‘3378 
DUAL-SPEED PLAYING DESK 


with a robust constant speed induction motor giving 
both 33 and 78 r.p.m. Complete with two interchange- 


EDDYSTONE “740” 


Communications Receiver 


Built to full communications specification with 8 
valves, and including all the features needed for serious he Gand 
short-wave work. Four wave-bands cover 30.6 to 1.4 anneal 

Mc/s. and 205 to 620 metres. A good £29 10 £ 16 ° 16s. 
receiver at a reasonable price. ° Ss. including Purchase Tax 


IIIT 


All such equipment can be supplied under Webb’s Extended Fayment Scheme. 
WEBB’S NEW 40-PAGE CATALOGUE AVAILABLE 10d. POST FREE. 


1) yy . ‘f . 14 SOHO ST., OXFORD ST., 
x ' 5S 3 LONDON, W.I. | GERrard 2089 
4 i Hours :- 9 - 5.30. 


Saturdays, 9 - I. 
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A VALVE VOLT-OHM METER 
WITH WIDE RANGE COVERAGE 


HIS Mullard instrument measures a wide range of A.C. 
and D.C. voltages and resistances. The input resistance is 
extremely high. 
An outstanding feature is the stable zero setting. It does not alter 
from range to range. 










RANGES : A.C. Volts 3V, 10V, 30V, 100V, Full scale at frequencies up to 
30 Mcs. 300V, 1,000V, 3kV, 10kV. Full scale at frequencies up to 
10 Ke/s. 


D.C. Volts : Positive or Negative 3V, 10V, 30V, 100V, 300V, IkV, 3kV, 
10kV. Full scale. 


Resistance ohms 20, 200, 2K, 20K, 200K and 2M centre scale. 


Zero Drift is negligible when input voltage variations 
are small. A 10 volts change in mains input will 
affect full scale deflection by less than 2%. Power 


consumption is 35 watts. Please write for full ° vy 
technical data. f ad pe 
: ‘ aS 
Ce: 
|Mullard_| The Mullard Volt-ohm Meter, type 
E.7555. Dimensions 12” high, 12” wide, 
WF 8” deep. Weight : 20 Ibs. 


MULLARD ELECTRONIC PRODUCTS LTD., EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. TELEPHONE : GERRARD 7777 


TO PUT TELEVISION SERVICING ON AN ECONOMIC LEVEL 


e ¢ 

Now your service department need not be held up during 

non-transmission hours. Here is an economically priced _ | 

portable instrument, perfected after more than two years of 
research and development, capable of the complete 


_ checking and adjustment of television receivers at 
any time, independent of transmissions. 


The RADAR Video and Sync Generator will produce a fully 


¢ 
synchronised and correctly proportioned test pattern, 
together with Sound, for the adjustment of LINE HOLD and LW 
WIDTH, FRAME HOLD and HEIGHT, LINE and FRAME 








LINEARITY, BRIGHTNESS and CONTRAST, INTERLACING, 
SOUND on VISION interference, etc. 


The pattern generated consists of a 


number of vertical bars divided into 
horizontal sections, each section graded fj W | 
linearly from black (30% mod) to full Va 










white (106°, mod) and the output 
level of the generator is ample 

for connection to the input of 

normal receivers. 

fe (6 - Weighing only 153 lb. and measuring 13 in. by 8 in. by 5$ in., the 
Radar a generator, with self-contained power supply, is housed in a robust steel 
vineo a st¥¢ case finished black crystalline enamel. Models available for London or 
pte Birmingham frequencies. In every way a superb instrument. 
Price £45. Net Trade. 


, video and sync 
generator 








26 Oakleigh Rd., New Southgate, London, N.11 Phone: ENTerprise 5967 . 
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create — 
| to originate, develop, ¥F BH 
i form, epmenition A 


i oorarees , 


We at CREATORS know that plastics can 
form and integral part of the electrical and 
7 electronic trades, and we are proud to 
present the following ‘‘ combined services ” 
to the industry :— 
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H+ +++ 


Extrusions of all technical 
shapes, including two colours 
(not printed). 
Injection Moulding. 
High Fequency Welding. 
P.V.C, ary! VINSEL 
Grades “HH” &”S.” 
Polythene Spraying. 
P.V.C. Covering and Insu- 
lation. Pliers, handtools, 
handles, and the _ like | 
} 



















(Tested by National Physi- 
cal Laboratory to 31,000 v.) 
PLUS — A comprehensive 
Engineering Section for the 
manufacture of combined 
Plastic and Metal products. 


newHaw WEYBRIDGE surrey 
BYFLEET 3207 € 3420 
r 


E.M.I. TRAINING 


for the best posts 





E.M.I. INSTITUTES, THE COLLEGE BACKED BY THE 
GREATEST ELECTRONIC INDUSTRY IN THE EMPIRE. 





DAYTIME ATTENDANCE COURSES 


@ Principles and Practice of Radio—1 year. 


@ Telecommunications Engineering—2 
City and Guilds Final Certificate). 


@ Electronic Engineering—3 years (including one year’s 


practical training in E.M.I. factories)—leading to 
City and Guilds Full Technological Certificate. 


1951. 


years (leading to 


%& Next courses commence April, 
Early enrolment is advised. 


Write for free Brochure to the Registrar, 


E.M.I. INSTITUTES 


10, PEMBRIBGE SQUARE, NOTTING HILL GATE, 
LONDON, W.2. TELEPHONE: BAYSWATER 5131/2 


1.18. 


Dept. 11. 


Associated with 
“H.M.V." 


MARCONIPHONE 
COLUMBIA 
ETC 
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(ODEN 
tN COMPOUND FILLED 


TRANSFORMERS &% CHOKES 


for 





UTMOST 
RELIABILITY 


Woden Compound Filled transform- 
ers have been developed for use 
in exacting industrial and climatic 
conditions and have the following 
features :— 





CompleteZmoisture-proof filling compound 
Universal fixing for above or below chassis wiring 


Constant fixing centres“and overall size 


Occupy minimum space and ensure clean * 
and compact layout 


Send for latest catalogue 


WODEN TRANSFORMER GO, LTD., 


MOXLEY ROAD, BILSTON, STAFFS. 


anal 
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CASTLE £228, ENGINEERING 
COMPANY (NOTTINGHAM) LIMITED 


HASLAM STREET* CASTLE BOULEVARD * NOTTINGHAM 
Telephone: Nottingham #6068 (3hnes) Telegrams: Copsten:Nottaghan 





5147 B 
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Luminescent MATERIALS 


FOR 


ELECTRIC DISCHARGE LAMPS 
CATHODE RAY TUBES 
X-RAY SCREENS 
INSTRUMENT DIALS 
DECORATIVE DISPLAYS 


SPECIAL PHOSPHORS MADE TO 
CUSTOMERS’ SPECIFICATIONS 


kkk 
DERBY & COMPANY LTD. 


Offices: 
62-3 Cheapside, London, E.C.z. 
‘Telephone: CITY 2633 
Telegrams : PLATIVET, London 


Works 
Millmarsh Lane, Brimsdown, Middx. HOWard 2208 











MAGNETIC TAPE 
EQUIPMENT 


High Fidelity Record-Playback £3-5+@Q 
and Erase Heads. Single Hole EACH 
fixing. Quality Reproduction, POST FREE 


The new BRADMASTER model 
5 Semi-professional Tape Deck. 


PRICE 
Provision for up to three heads, WITH 
all screened. Allows Monitor- THREE 
HEADS 


ing. One piece Capstan Fly- 
wheel. Five Press-button con- £37°10°0 
trol. Three precision motors. Orders 


Double Servo Brakes. Two delivered 
1 3; in strict 
speed control: 74 and 3} in. maiebins 


per second. Unit Construction. 
A really precision built job. ... 


Stocks of Emitape, 25s. per reel 
Oscillator Coils, 10s. 6d. each. 


BRADMATIC LIMITED 


STATION ROAD, ASTON, BIRMINGHAM 6 
Phone: EAST 0574 Grams: BRADMATIC BIRMINGHAM 





























The Name to remember for... 


BOBBINS, FORMERS, 
TUBES & SHROUDS 


Your enquiries will receive our immediate attention 


ARMAND TAYLOR & CO. LTD. 


TUSKITE WORKS, MARSH ROAD, PITSEA, ESSEX 
Telephone: VANGE 21 67 








66% 


CORE TRANSFORMERS 
OIL FILLED 
HERMETICALLY SEALED. 


Now being made 
to specification 
by 


ALL-POWER 
TRANSFORMERS 


LMT éD 
8, GLADSTONE RD., WIMBLEDON, S.W.19 
Liberty 3303 











Contractors to 
e ADMIRALTY ‘ e MINISTRY OF SUPPLY 
e ROYAL AIRCRAFT EST. e POST OFFICE 
e WAR OFFICE e BRITISH COMMONWEALTH 
GOVERNMENTS 
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er copy 
post free «“SINTREX’ 
BRAND 
Sor t Sl tebualiy eate 


able for electrical and 


magnetic applications, 
Supplied in a wide selec- 
tion of mesh gradings. 


details of ‘WEST- 
INGHOUSE’ metal 
rectifiers for H.T. 
supply to radio receiv- 
ers, L.T. units for small 
battery chargers, ‘ West- 
_ €ctors’ for sound and vision 
interference suppression, and 
how to build your own 
E.H.T. supply units. 





Write for a copy to Dept. Elec. E.11 


WESTINGHOUSE BRAKE & SIGNAL 


., LTD. 


82, York Way, King’s Cross, London, N.1. 


GEORGE COHEN 
SONS & CO. LTD 


BROADWAY CHAMBERS LONDON - - - W.6 














TRAINING 


ELECTRONICS 


RADIO - TELEVISION 
and other INDUSTRIAL 
ELECTRONIC subjects 


/ 


HOME STUDY COURSES 


“Courses in Radio and Television (Theory and 
— for A.M. Brit. |.R.E., and City and 
Guilds Examinations.” “Training also given in 
many other branches of engineering including 
A.M.1.Mech.E., A.M.1.E.E., A.M.1.P.E., etc.” 

w 


Obtain @ copy of Free Brochure giving full details 
of these and Daytime Attendance Courses. 


Write to the Registrar : 


* 
E M ! INSTITUTES OH oe 
“ov.” 
° eee MARCONIPHONE 


DEPT. I 1a,10 PEMBRIDGE SQUARE, LONDON, W.2 
Telephone : 





COLUMBIA 
BAYswater 51312. ETC 











TELEPHONE: RIVERSIDE 4141 
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HENLEY 
SOLON 


wort S4eCra. “ 


SOLDERING 


CONSTANT 












ALL THE 
HEAT IS 
IN THE BIT 








PERFECT 
BALANCE FOR 
EASY HANDLING 





ALL CONNECTIONS HOUSED 
AT END OF HANDLE AWAY 
FROM THE HEAT 





CORD GRIP SECURES FLEXIBLE 
(prevents twist or pull being trans- 
mitted to internal wiring) 





Write for Folder Y.10. 
W. T. HENLEY’S TELEGRAPH WORKS CO. LTD., 
51-53 HATTON GARDEN, LONDON, E.C.I 
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SAVAGE TRANSFORMERS LTD. NURSTEED ROAD, DEVIZES, WILTS. 








Telephone : Devizes 536 





S.P.L. TEST SETS 


NOW AVAILABLE 
AT NET PRICES 


B.P.L. Universal Test Set 
£5-10-0 
B.P.L. Super Ranger 1,000 ©/v. 
£12-5-0 
B.P.L. Super Ranger 20,00002/v. 
£14 -10-0 


These-prices are applicable to the home market only 
Prices include postage and packing. 

Send your order direct to :- 

BRITISH PHYSICAL LABORATORIES 


HOUSEBOAT WORKS, RADLETT, HERTS 
Telephone: Radlett 5674-5-6 
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Department E.E. \" 


* 18, TOTTENHAM 
COURT ROAD, 
SUPPLIES /4/ LONDON, W.1. 





Phone : 
MUSeum 2453, 4539 
SHOP HOURS: Mondays to Fridays 9—5.30. 

FULL MAIL ORDER FACILITIES 


Saturdays 9—I 


(ex-Ministry) 


P.O. 600 and 
3,000 types 


AS FOLLOWS 


D.C. COIL RESIST- | CONTACTS 
ANCE: 10 ohms to 
42,000 ohms; _ also 
double-wound coils. 
Special coils wound to 
spec. in quantities. 
Also available, SIEMENS High-speed RELAYS and other 
types P) 





: Make 
(M) Break (B) Change- 
over (C) in twin silver, 
heavy duty, and twin 
platinum in any com- 
bination to 8 sets. 














QUALITY RELIABILITY 
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Garpners Raion 


SOMERFORD + CHRISTCHURCH HANTS 
TELEPHONE: CHRISTCHURCH 1025 





























(400 c/s) on HF ranges 


and attenuator. 
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100 MC/S 


THE ALTAIR A.F. R.F. GENERATOR TYPE K3 
Meets the need of those requiring a good instrument for 
routine tests, measurements, or experiments on amplifiers, 
radio, television, or other electronic apparatus ® A clear 
6 inch scale for each range, with only the one in use visible 
@ Individual calibration 1% accuracy ® C.W. or M.C.W. 
® output unattenuated, 2 volts, 
with variable and step attenuation to 2uV and also 20 
volts variable on AF ranges ® Double screened oscillator 
Low stray field # 











te SEND FOR LEAFLET > @ ist 

@ Note : Price for two months only PRICE 
ALTAIR INSTRUMENTS | 14 
14, LONSDALE RD., LONDON, N.W.6. |_GNS. 
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in 15, 
96 TERMINAL BLOCKS. Made in 


er 39 and 60 amp. sizes. 








© EC 


-BUTTON 
Ye Type A.ll A.C. POWER 


UNIT arranged for mounting ; 
on customers’ own cover RELAY - 4-pole with N.O. 


plate. or N.C. contacts. 


THE DONOVAN ELECTRICAL CO. LTD. 
Safsse Works - Stechford - Birmingham 9 
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The CONSTAC 


Transformer 












A versatile constant 
voltage transformer which 








to pass his examination(s) completing our 
appropriate study course. Nothing succeeds like 
SUCCESS and what we have done already for so many of 
your colleagues, we can do again for YOU. 

All our courses are conducted by correspondence, on 
INDIVIDUAL lines and our Syllabus includes preparation 
for the following examinations : A.M.I.E.E.*; A.M.Brit.- 
1.R.E.; City and Guilds, Radio, Telecommunications, 
Mathematics and P.M.G. (theory only). Other courses 


include what we believe to be the finest RADAR course 
available anywhere. 

* Subject to prior approval by 1.E.E. 

Free Booklet and specimen lessons (please mention this advt.) from 





STUDIES DIRECTOR 





provi.es a fully stabilised 
heater supply in addition 
to a variety of stabilised 
H.T. outputs. Available 
in a range of types suitable 
for I10v. or 230v. 50 or 
60 c/s supply and for loads 
of 20VA to 300VA. Output 
voltage maintained within 
1% over working range. 












BRITISH NATIONAL RADIO SCHOOL 


6 6 


ADDISCOMBE 


ROAD, 


334 


CROYDON 


* Made under licence by The Banner Electric Co. Ltd. 





ELECTRONIC INSTRUMENTS LTD 


17, PARADISE ROAD- RICHMOND SURREY - ENGLAND 
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-F CABLES 


we SPACE, 
r 


Petents 
Regd. Trade Mark. 





“me 2a | 0 
THE LOWEST EVER |-artya siz loulos6 
CAPACITANCE OR A2|741| 1.3 | 0241044 
ATTENUATION [| A34/73 | 06/1.5 [0288 
LOW CAPAC CAPAC JIMPED] ATTEN. 


/M MEDIATE TYPES. | mot | OHMS [18/004] 0.0" 






































cu | 6.3 |173/ 3.2 [0.36 
| 6.3 | 174 | 245 [0.44 





SPECIALISTS /N AIR-SPACED 
ARTICULATED CABLES SINCE 1929 






































5.5 | 184[2.8 |0.44 
TRANSRADIO LTD. 5.4 | 1971.9 |0.64 
CONTRACTORS TO 4™. GOVERNMENT 4.8 220 2.4 0.64 
138A CROMWELL ROAD. LONDON. SW7. 44 | 252/24 11.03 

















ENGLAND 





Cnly-BOAX 







DELIVERIES Verextiozitsst ares @e 
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NOW 


available 






to 


Industry ... 


Tesenied is the latest hermetically sealed “C” type 
core transformer as supplied to the Admiralty. This 
component which has full Interservice approval is 
now available to Industry in general. Among the 
many advantages of this form of construction is the 
fact that the transformer can be manufactured 
approximately 40°, smaller in overall dimensions. 


PARTRIDGE 


TRANSFORMERS LTD 











CAST OR 





™ FORGED 
A 3 IN 
LATEST TYPE 
a MAGNETIC 
i MATERIALS 
“we : 
c Co. Ltd. 


a7 @* ar 


LTD 


NGLAND 





rin SLE Y 





/DARWINS LTD 


SHEFFIELD 9. 


D.18 


ROEBUCK ROAD, TOLWORTH, SURREY 
Phene : ELMBRIDGE 6737-8 











Scophony 
—=BAIRD= 
TRANSFORMERS & CHOKE S 





designed and 
manufactured 
to suit your 
specific needs 


HERMETICALLY 


Hermetically sealed SEALED TYPES 
oil-filled E.H.T. type with —up to IKVA., 
expansion-bellows 
DOUBLE- and 


AUTO - WOUND 
OIL/AIR 

COOLED” TYPES 
—up to 50KVA, 
(Single or 3-phase) 





Send your next enquiry to:— 
SCOPHONY-BAIRD LTD., (Division 6), WELLS SOMERSET 
Telephone : WELLS 2081-5 
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VALVES. Guaranteed New & Boxed. Some Govt. Surplus 





6J7. 5/3. | 6X5. 5/3. ; 0Z4. 6/9. 


» | 

184. 6/6. | 6K7. oe | 7Q7. 6/6. 18. . 
1T4. JJ». | 6D6. SKGG. 6/9 | Spai 3/6 
3S4, 7/-. | DDL4. 6. 4 6/9. | SP6I. 3/6. 
5Z4. 5/3. | DDL4. 4/6. 42. 6/9. | EASO. 2/6. 
5U4G. 5/6. | 6L6. 8/6. 807 6/6. | EBC33 5/3. 
5Y3G, 6/9. | 6Q7. 6/-. ; . ; 

6B8. 5/-, 6N7. 5/6. 6AC7. 6/-. EF39., 6/-, 
6C5. 6/-. | 6SN7. U6. 80. 6/9. | EF36. 3/6, 
6F6. 5/6. | 6SK7. 12SG7. 5/-. | VUIII. 4/6. 
6)5. 4/6. | 6V6. 3/5. | 5V4. 8/6. | VU39. I-. 





TERMS : C.W.O. C.O.D. Carriage paid on orders over £1. Wholesale only 


WRITE FOR LISTS OF OVER 500 RADIO LINES 


WILLIAM CARVIS, 
103, NORTH STREET, LEEDS, 7 


REFRACTORIES 
BRAY | CO LTD 


ELECTRO-CERAMIC INSULATORS & 
MMUNICATION GEO 
FLECTRICAL rt 
TRADES 
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TUNGSTEN Contacts, Rods, Pins, Lead-in- 


Wires, Targets, Shaped Components, Heater Wires, 
Spark Gaps. 


MOLYBDENUM Tubes, Nuts, Bolts, Per- 


forated Sheets, Coils, Spirals, and other Components 
made from High Refractory Metals to Customers’ Design. 


ELECTRO-ALLOYS LT: 
12, BRUNEL ROAD, LONDON, W.3 
SHE 3460, 3031 





Telephone 














—combines with beauty and 
soundness of DESIGN in the 


OXLEY é 


Wicth: 16.5 mm. Length: 22 m/m. 1.5 
[ AIR } Bor 7D myn 1.8 to 20pF-10 mime Bio 2608 


Type 
spprowed 


Cat. A 
No. 464, 


DIELECTRIC —11 mim, 2 to 32pF—12m/m. Law: Straight line 
TRIMMER capacity. Power Factor: Less than 001. Insulation: 


Over 2,000 megohms. Voltage: 500 D.C 
OXLEY DEVELOPMENTS co. LTD. 


ULVERSTON, NORTH LANCS. TEL.: ULVERSTON 3305 














TIOUS ENGINEERS 


IMPORTANT GUIDE TO SUCCESSFUL 
| ENGINEERING CAREERS 


After months of intensive effort, we are pleased to 
announce that the new edition of our 176-page Hand- 
book, “ENGINEERING OPORTU ES,” is 
now ready for free distribution. 

his book is, beyond argument, the finest and most 
complete Handbook on Successful Electrical En- 
eee Careers ever compiled. It should be on the 

kshelf of every person interested in any phase of 
Electrical Engineering, whatever his age, position or 
experience. 

his book shows, among other intensely interes- 
ting matter, the easiest way of passing B.S.c., 
Brit. LR.E., CITY AND GUILDS, G.P.O., and 
every other important technical examination, whilst 
details are given of over 200 Courses in all branches 
of Engineering. The Electrical Group of Courses 
includes : Neon Lighting, Power House Design, 
Radio, TM to mtg Alternating Current, Sound 
Film Projection, Mains a Measur- 
ing Instruments, Electrical Design, Electricity 
Supply, Electronic Engineering, General Elec- 
trical Engineering, Electrical Installations. 
The Handbook also explains the unique advantages of 
our Employment Dept. 


We Guarantee ‘“‘ NO PASS—NO FEE”’ 


If you wish to become Technically Qualified you cannot afford to miss 
reading “‘ ENGINEERING OPPORTUNITIES.” In your own 
a: -_ for your copy of this enlightening guide to well-paid 
posts Ni FREE E and post-free. Do not neglect this opportunity 
of i ne the possibilities within your reach. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 


337B, Shakespeare House, B I E T 


17-19 Stratford Place, Oxford St., 
London, W.! 








OPPORTUNITIES 







~E BING 


EMGG 





MAGNETIC 
RELAYS 


LARGEST STOCK IN 
GREAT BRITAIN OF RELAYS, 
KEY SWITCHES AND 
UNISELECTORS 


Government Contractors 


RELAYS P.O. 3000 - 600 - HIGH SPEED 
Also 230v. A.C. 50cy. 
ALL NEW EX-MINISTRY GOODS 


JACK DAVIS (Relays) LTD. vert. ££. 
30 PERCY STREET, LONDON, W.1. 


Phones : MUSeum 7960 LANgham 4821 




















MICA 


DISCS 
DIAPHRAGMS 
ELEMENT STRIPS 
CONDENSER PLATES 
SPECIAL SHAPES 
RAW MICA 
WASHERS 


RITISH MICA C°L™’-BEDFORD. 
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spells Quality in 
Tape Recording 





RECORD, PLAYBACK and ERASE HEADS 
RECORD-PLAYBACK AMPLIFIERS] 
OSCILLATOR COILS and UNITS 
TAPE and:SPOOLS 
TAPE MECHANISMS! 
COMPLETE RECORDERS 


We also specialise in : 
HIGH-ACCURACY COUNTING DEVICES 


TOOL MAKERS 
MOULDERS - ASSEMBLERS 
TUBE MAKERS 


DEVELOPMENT OF ELECTRONIC 
APPLICATIONS TO INDUSTRY 


A:!'D Approved 


ELCO PLASTICS LTD 
— SS 
TUBE LAMINATION LTD. 


PLASTICRAFT WORKS 
DESBOROUGH PARK ROAD, HIGH WYCOMBE, BUCKS, 


Telephone : 
NORthern 
20 




















DEPT. MR7,%74 GT.4 HAMPTON [ST., 
BIRMINGHAM] I8 


HOCKLEY, 




















wVAc 


THE SCIENTIFIC 
VAL 


BRITISH we MADE 





SYNTHETIC RESIN LAMINATED MATERIALS 
SHEET, ROD AND TUBE IN ALL DIMENSIONS 
BOBBINS & COIL FORMERS TO ANY SPECIFICATION 


MICA AND MICANITE SHEET AND MANUFACTURED PARTS 
MICA & MICANITE SUPPLIES LTD., 


BARNSBURY SQUARE, LONDON, N.I. 
Telephone : NORth 3032/5 Telegrams : MICASULIM —- LONDON 





















FOR MOULDED RUBBER PARTS 


Enquiries are invited from the Engineering, 
Electrical and Motor Industries for special 
Moulded Parts in Synthetic and Natural 
Compounds. 






HIVAC LTD 
GREENHILL GRESCENT, HARROW-ON-THE-HILL, MIDDK. 


Telephone : HARrow 2655 











Advance Components Ltd. 

Air Control Installations Ltd. 

Airmec Laboratories Ltd. 

All-Power Transformers Ltd. 

Altair Instrument Co., Ltd. 

Ateliers de Constructions > Electriques 
de Charleroi 

Audigraph, Ltd. 

Automatic Coil Winder & Equipment 
Co., Ltd., The . 


Baldwin Instrument Co., Ltd. 

Belling & Lee Ltd. 

Bradmatic Ltd... 

Bray & Co., Ltd., Geo 

British Institute of Ragineering Tech- 
nology i 

British I I 
Ltd. 

= Manufactured Bearings Co., es 


British Mica Co., Ltd 

British National Radio School, “The 
British N.S.F. Co., Ltd. 

British Physical ae és 
British Thomson-Houston Co., Ltd. 
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Carvis, William 

Castle ‘Engineering Co. (Nottingham), 
Ltd., The .. 

Chance Bres., Ltd. 

Chapman & Hall Ltd. 

Cinema- Television Ltd. 

Cohen, Sons & Co., Ltd., "George 

Cole Ltd., E. K. ; is ; is 

Cossor Ltd., AsO: 16 and 18 

Creators Ltd. sinc oe 

Darwins Ltd. 

Davis Supplies Ltd., Alec. 

Davis (Relays) Ltd., Jack 

Derby & Co., Ltd. 

Donovan Electrical Co., Ltd., The 
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Savage Transformers Ltd. 

Scophony-Baird Ltd. 
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Just published : 


The first two books of the new “ Electronie Engineering” 


1 VOLTAGE 


STABILIZERS 


monographs 


By F. A. Benson, M.Eng., A.M.I.E.E., M.I.R.E. 


(University of Sheffield) 


Price 12/6 


2 ELECTROPHYSIOLOGICAL TECHNIQUE 


By C. J. Dickinson, B.A., B.Sc. 


(Magdalen College, Oxford) 


btainable from all Booksellers or from :— 


28 ESSEX STREET, STRAND, 
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LONDON, W.C.2, 


Price 


12/6 
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MECHANICAL 
PUMPS 


FOR MANY PURPOSES, Kinney Com- 
pound High Vacuum Pumps _ have 
rendered diffusion pumps unnecessary. 
Extremely rapid pump-down by both 
single-stage and compounded pumps, 
alone or combined with diffusion 
pumps, has greatly reduced production 
times. . They are already extensively 
used for exhausting lamps, valves and 
C.R. tubes ; sintering metals ; coating 
lenses, reflectors, plastics and di- 
electrics by evaporation and deposition 


of metals and non-metallic compounds; 
dehydrating oils and foods ; producing 
drugs. If vacuum technique is or can 
be used in your processing, Kinney 
Vacuum Pumps hold out greater profits 
before you. 


Compound pumps absolute pressures 
of 0.5 microns, single stage pumps 
absolute pressures of 10 microns. 


Please write for the Kinney Pump Bulletin. 


STATION WORKS, BURY ROAD, RADCLIFFE. 
London Office : 


THIRD FLOOR, 9 VICTORIA STREET, LONDON, _ S.W.1. 


Hopwood 
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Room 
fora little | un 


A mass of resistances, wires and condensers — how do you squeeze 


a switch in there? We'll tell you. Use our Type B.T. switch. It has been 


specially designed for small spaces and simple switching. You’ll find it a 


godsend. It’s an even better switch too since it has had an overhaul in our 


Development Section. Here are some improvements we have made to it: 


The contact blades are fixed 
in a new way. This makes 
them rigid all the time. 

The drive spindle is positioned 
definitely in the wafer. This 
provides double bearing. 


Steady contact resistance. 


Improved insulation between 
contacts. 


Positive contact. 
Self-cleaning action. 


All these help to make 
the Type B.T. an efficient 
and lasting switch. Why 
not try it? 


GARTH ROAD, LOWER MORDEN, SURREY. Telephone: DERWENT 4421-2-3 


Walter Instruments 


LIMITED 
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